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SUMAEt? 


The  cnauing  report  repreeaita  the  entire  effort  of  engineering  support, 
prototyping,  docunmtation  and  testing  services  provided  by  VSE  Corporation  on 
Task  0024  under  Contract  QAAK70-86-D-0023.  The  Task  required  VSE  to  establish 
equipment  which  will  caifo'  to  a  stabilized  shelter  design  and  will  be  used 
for  Government  evaluation  U  establish  the  technical  and  operational 
feasibility  for  humidity  control  within  the  U.S.  Air  Force  Aircraft  Service 
Shelter. 

Coomercial  humidifiers  and  humidity  control  equipment  were  procured  as  a 
result  of  a  market  survey.  No  dehumidifiers  were  procured  as  it  was 
determined  that  the  existing  shelter  heat  puB|>  could  be  used  for  all 
dehuDidification  requlresients.  Dwt  equipment  was  evaluated  and  tested  to 
determine  suitability  for  use  and  to  recomcsnd  equipment  modifications 
resulting  from  deficiencies  exposed. 

The  report  recomoaends  use  of  the  shelter  heat  punp  with  minor  control 
circuitry  modifications  to  provide  for  shelter  dehumidification  requirements. 
The  Drl  Steem  model  'WC  humidifier  is  recocomended  to  provide  for  the  shelter 
humidification  requirements.  This  humidifier  nust  be  modified  to  reduce  the 
size  of  the  cabinet  and  to  improve  response  time.  Honeywell  hunidity  controls 
models  H46C  and  H46D  are  recommended  for  control  of  dehumidification  and 
humidification  equipment.  The  Abbeon  Cal  model  4703-602  humidity  control  is 
recosmended  for  continuously  monitoring  shelter  relative  hunidity  and  to 
control  extreme  relative  humidity  alarms. 

Other  dociaaentatlon  generated  under  Task  0024  and  Included  in  the 
appendices  of  this  report  are  the  "Market  Survey  of  Humidity  Control  Equipment 
for  use  in  the  U.S.  Air  Force  Aircraft  Service  Shelter"  in  Appendix  A,  "Test 
Plan  for  Hueldificatlon,  Dehumidification  and  Humidity  Control  Equipment"  in 
Appendix  B,  "Teat  Report  for  Humidity  Control  Equipment"  in  Appendix  C,  "Test 
Report  for  Humidification  Equipment"  in  Appendix  0  and  Test  Report  for 
Oehumldification  Equipsmnt*  in  Ap^Msidix  E. 

appendix  F  contains  suoDarlea  of  significant  telephone  conversations  which 
occurred  during  the  compilation  of  this  report. 
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This  tednical  and  operational  feasibility  report  was  prepared  uzuler 
Contract  No.  EAAK70-86-D-C023,  Task  Order  No.  0024,  for  the  Belvoir  Research, 
OevelopDoent  and  Engineering  Center  (SIDEC),  Fort  Belvoir,  Virginia.  Mr. 

Robert  A.  Rhodes  served  as  the  BRDEC  Contracting  Officer’s  Technical 
Representative,  telephone  no.  (703)  664-8031. 

The  technical  and  operational  feasibility  report  represents  the  Final 
Report  of  the  humidity  control  vork  and  services  to  be  provided  under  Task 
Order  No.  0024.  The  required  effort  contained  in  the  task  order  statement  of 
work  is  quoted  below. 

*The  contractor  shall  perform  engineering  si^port,  prototyping, 
docunmitation  and  testing  services  to  establish  equipment  which  will 
conform  to  a  stabilized  shelter  design  and  will  be  used  for  Government 
evaluaticxx  to  establish  technical  asd  operational  feasibility  for  humidity 
control  %rlthin  the  U.S.  Air  Force  Aircraft  Service  Van.” 


TECHHICAL  MID  OPERMlOttM. 

FEASlfilLm  STUOV  ON  HUaOIlY  CONTROL  VITKIN  THE 
U.S.  AIR  FORCE  AIRQIAFT  SERVICE  SHELTER 

I.  INTRCJXJCrnON 


1.  SUBJECT 

This  report  provides  pertinent  infonnixtion  concerning  the  technical  and 
operational  feasibility  analysis  perfonaed  on  conmercially  available  (off-the- 
shelf)  humidity  control  equipment  for  potential  installation  in  a  U.S.  Air 
Force  Aircraft  Service  Shelter.  Specifically,  this  means  humidity  controls, 
humidification  and  d^iumldlfication  equipment  necessary  to  maintain  indoor 
relative  humidity  at  A5l  jdOt,  required  by  sensitive  electronic  equipment 
located  in  the  service  shelter,  xmdet  worst  hypothesized  operational 
scenarios. 

2.  BACKGROUND 

On  14  July  1986,  the  Tactical  Shelter  Systems  Development  Office,  UQ 
Electronics  System  Division,  Department  of  the  Air  Force  at  Hansccm  Air  Force 
Base.  Massachusetts,  through  the  U.S.  Army  Belvoir  Research,  Development  and 
Engineering  Center,  tasked  VSE  Corporation  to  provide  engineering  support, 
prototyping,  documentation  and  testing  services  in  evaluating  humidity  control 
equipment  for  potential  use  within  the  U.S.  Air  Force  Aircraft  Service 
Shelters.  The  Aircraft  Service  Shelters  are  an  integral  part  of  the  F-16 
maintmiance  complex.  Twelve  Navy  International  Standards  Organization  (ISO) 
shelters  comprise  the  F-16  aircraft  maintenance  complex  (Figure  1).  Eight  of 
the  shelters  are  arranged  in  four  groups  of  two,  which  are  designated  as  "work 
stations”.  Two  more  shelters  are  centrally  located  and  serve  as  work  bench 
equipped  corridors.  The  two  remaining  shelters  (3  and  8  in  Figure  1)  are  used 
for  maintenance  of  electronic  devices  and  storage  of  electronic  components. 
Because  these  two  shelters  contain  equipment  and  processes  that  are  humidity 
sensitive,  humidity  within  the  shelters  must  be  controlled.  Currently, 
heating  and  cooling  in  each  shelter  are  provided  by  a  nominal  3- ton  heat  pump. 
The  maintenance  shelters  are  partially  sealed  from  the  corridor  shelters  by 
plastic  scrip  doors. 


NOTE:  Nos.  3  and  8  are  maintenance  shelters  requiring  humidity  control. 


Figure  1.  F-16  Maintenance  Complex 


II.  DISCUSSION 


1.  MARKET  SEARCH  FOR  HUMIDITY  CONTROL  EQUIPMENT 

The  market  survey  report  which  was  previously  transmitted  to  Fort  Belvoir 
is  enclosed  in  this  final  report  as  Appendix  A.  The  market  survey  report 
presents  the  results  and  findings  of  the  VSE  investigation  of  commercial 
humidity  control  equipment.  Criteria  provided  by  the  Tactical  Shelter  Systems 
Development  Office,  Hanscom  Air  Force  Base  for  selecting  humidity  control 
equipment  as  well  as  engineering  analyses  upon  which  final  equipment  selection 
for  testing  and  evaluation  were  based,  are  provided  in  the  market  survey 
report. 

Three  basic  designs  of  humidifiers  are  conmercially  available.  The  three 
designs  consist  of  the  wetted  element-type,  the  atomization- type  and  the  steam 
generator-type .  The  %ietted  element-type  humidifier  was  excluded  from 
consideration  for  requiring  hardware  much  too  large  for  practical  use  within 
the  service  shelter.  The  atomization-type  humidifier  was  excluded  from 
consideration  due  to  its  inherent  dusting  potential.  Problems  associated  with 
dusting  of  equipment  located  within  the  service  shelter  are  discussed  in  part 
6,  paragraph  (4)  of  Section  II.  The  exclusion  of  atomizing  humidifiers 
represents  an  exception  taken  to  recoomendations  of  the  market  survey  report. 
It  was  originally  intended  to  procure  an  atomizing  humidifier  for  testing 
however,  information  obtained  subsequent  to  publi^ing  the  market  survey 
report  reversed  this  decisicm.  Reasons  for  excluding  the  atomization- type 
humidifier  are  discussed  in  part  6,  paragraph  (4)  of  Section  II. 

Two  basic  dehumidifier  designs  are  conmercially  available.  The  two 
designs  consist  of  the  refrigeration-type  and  the  desiccant  impregnated 
element-type.  Both  dehimidifier  designs  were  rejected  due  to  the  extremely 
large  equipment  size  required.  However,  it  was  found  that  all  dehumidifier 
needs  of  the  service  shelter  can  be  adequately  addressed  with  the  existing 
shelter  heat  pump  provided  for  heating  and  cooling.  Minor  modifications  to 
the  heat  pump  control  circuitry  enable  its  use  as  a  dehumidifier. 

Humidity  controls  (humidistats)  are  conmercially  available  using  nylon, 
hair,  paper,  electrical  resistance  and  electro-optics  to  sense  changes  in 
relative  humidity.  Due  to  cost  considerations  and  the  relatively  wide 
alla%«able  control  range,  four  huoidity  controls  with  nylon  sensing  elements 
were  selected  and  procured  for  testing. 

2.  DESIGN  CRITERIA 

Some  design  criteria  provided  by  tne  Air  Force  proved  difficult  if  not 
impossible  to  coolly  trith  using  cocmercial  equipment.  A  sheet  of 
supplementary  specifications  (Figure  2)  were  provided  by  the  Air  Force  and 
several  of  these  specifications  proved  unrealistic.  The  size*  of  the 
humidification,  dehumidification  and  humidity  control  equipment  will  greatly 
exceed  the  17"  width  by  27"  height  by ’23"  depth  allowed.  The  unit  is  required 
to  possess  a  self  contained  water  storage  tank  with  sufficient  size  to  sustain 


SPECIFI(»TION-HUMIDIFIER/D£HlJMIDIFIER 


1.  Must  have  separate  humidification  and  dehumidification  modes  of  operation. 

2.  Must  have  high/low  humidity  alarm  lamps  with  adjustable  settings. 

3.  Unit  must  create  and  maintain  a  stable  environment  of  43%  +7  or  -13 
relative  humidity  within  fo'jr  (4)  hours  after  activation  within  an  8x8x20  van 
or  1280  cu.  ft.  of  interior  space. 

4.  Unit  must  not  exceed  17"  V  by  27"  H  by  23"  D  and  be  provided  with  rack 
adapters  for  mounting  in  standard  19"  racks.  Unit  must  also  be  capable  of 
floor  mounting. 

5.  Po%#er  requirement  must  be  120  or  -  10%,  single  phase,  50/60  riz. 

Unit  must  be  fully  efficient  at  50  Hz. 

6.  Unit  must  be  equipped  %rith  an  .AN  type  fitting  for  tlie  condensate  drain 
connection. 

7.  Unit  must  have  a  filtered  air  inlet  %rtth  a  removable/washable  filter 
element. 

8.  Unit  must  have  an  adjustable,  direct  reading  humidistat. 

9.  Unit  must  have  a  self  contained  water  storage  tank,  with  low  water  alarm, 
sufficient  in  size  to  sustain  a  minimum  of  eight  (8)  hours  of  humidification 
at  rated  capacity. 


Figure  2.  Si^pleiaentary  System  Specifications 


a  fflinlauu  of  eiq^t  hours  of  humidification  at  rated  capacity.  For  the  rated 
humidification  system  capacity  of  5.4  ib  water/hr,  a  5.2  gallon  self  contained 
tarJc  is  necessary.  The  specified  size  envelope  is  unattainable  with 
corancrcial  equipment.  The  proposed  system  does  lessen  the  impact  of  equipment 
space  requir^  by  making  use  of  the  existing  shelter  he<.t  pun^  for  all 
dehumidification  requirements.  However,  no  coomercial  humidifiers 
investigated  in  our  capacity  rar^e  iiad  a  self  contained  water  tank  of  the 
required  volume,  and  the  proposed  humidification  equipment  will  exceed  the 
specified  space  envelope.  VSE  has  performed  this  utudy  on  the  basis  that,  as 
long  as  no  single  piece  of  equipment  in  the  humidification  control  system 
exceeds  the  17"  x  27"  x  23"  envelope,  total  system  volume  is  not  critical. 


The  120  volt  input  power  requirement  proved  difficult  to  coir^>ly  with.  Few 
steam  generation  humidifiers  in  the  required  capacity  were  available  which  use 
120  volt  power.  The  necessary  electrical  power  required  to  attain  our 
capacity  is  significant.  Use  of  120  volts  requires  relatively  high  currents 
for  operation.  Most  steam  generation  humidifiers  in  our  capacity  range  use  a 
208  volt  power  supply. 

Exception  has  been  taken  to  the  requirement  for  an  air  filter  on  the 
humidification  control  equipment.  The  commercial  humidifiers  investigated  are 
not  equipped  with  filters.  The  inlet  air  to  the  heat  pump/dehumidif ler  is 
already  filtered.  VSE  understands  that  a  non  air  filtered  humidifier  is 
acceptable. 

3.  SYSTEM  OPERATION  SCENARIOS 


(1)  General .  To  provide  a  properly  engineered  humidity  control  system 
for  the  service  shelter  the  outside  ambient  conditions  which  the  shelter  will 
«icounter  must  be  predicted.  The  most  extrems  conditions  provided  the  basis 
for  determining  the  design  humidification  and  dehumidification  capacity 
requirements.  VSE  understands  that  the  service  shelter  may  be  deployed 
worldwide.  Thus,  the  extreme  environmental  conditions  specified  in  AR  70-38 
were  used  to  determine  required  capacities.  The  design  conditions  are 
discussed  in  the  following  paragraphs. 

The  humidification  and  dehumldiflcation  load  calculations  are  based  on  an 
air  infiltration  rate  of  120  cu.  ft.  per  minute.  This  rate  determinaticn  is 
shown  in  ^>pendix  A  (page  F-2  of  the  market  survey  report).  The  variable  in 
this  determination  is  the  shelter  plastic  strip  door.  Very  little  usable 
information  was  received  from  several  plastic  strip  door  manufacturers 
concerning  uncontrollable  moisture  infiltration  through  the  inherent  gaps 
between  the  strips.  However,  VSE  believed  that  the  strip  door  should  not 
present  a  major  moisture  ir.f iltration  problem  if  outside  air  is  continually 
brought  in  through  the  heat  jxunp  so  that  there  is  always  a  positive  air  flow 
out  through  the  plastic  strip  doors,  and  if  the  plastic  strip  doors  are 
installed  properly.  There  should  be  at  least  a  25X  strip  overlap,  no  gaps  at 
the  top  and  sides,  and  minimum  floor  clearance.  This  will  require  a  change 
from  the  door  installation  viewed  during  a  trip  by  VSE  and  BRDEC  personnel,  to 
Medley  Tool  and  Model  Co.,  Philadelphia,  PA,  the  system  assembler. 


(2)  High  Tegiperature ,  High  ftanidity.  Table  2-3  of  the  AR  70-38  is 
entitled  ’*Hot  Climatic  Design  TVpe;  Hot-Humid  Daily  Cycle  of  Temperature, 

Solar  Radiation,  and  Humidity.*  This  table  shows  that  at  a  maximum  ambient 
tenperatiure  of  io5°F,  relative  humidity  as  high  as  59\  can  be  experienced.  As 
shown  in  Appendix  A  (page  F-4  of  Market  Survey  Report)  a  dehumidification  load 
of  9  lb  water/hr  is  calculated.  Test  data  provided  by  Fort  Belvoir  on  the  ECU 
Inc.  heat  pump  indicates  that  the  unit  has  a  dehumidification  ability  of  8.9 
Ib/hr  at  105®F  outside  and  80°F,  511  RH  inside  conditions  as  shown  in  Appendix 
A  (page  F-  6  of  the  market  sur'/ey  report).  The  heat  pump  operating  in  the 
cooling  mode  will  provide  adequate  dehumidification  capacity  in  all  but  the 
most  extreme  ambient  conditions.  The  psychrometric  process  for  the  high 
temperature,  high  humidity  condition  is  shown  in  Figure  3. 

Figure  3  shows  ventilation  air  entering  the  shelter  at  lOS^F,  591  RH. 

This  air  is  proportionately  mixed  with  inside  air  at  the  design  condition  of 
76°F,  45%  EJH.  The  resulting  air  inlet  condition  to  the  evaporating  coil  is 
79®F,  51%  RH.  Based  on  Fort  Belvoir  heat  pump  test  data,  the  air  leaving  the 
evaporating  coil  will  be  dehumidified  to  a  dew  point  of  approximately  560F. 

The  air  is  then  wanned  back  to  the  design  condition  of  76®F,  45%  RH. 

(3)  High  Temperature,  Low  Humidity.  Table  2-2  of  AR  70-38  is  entitled 
‘Hot  Climate  Design  Type;  Hot-Dry  Daily  Cycle  of  Temperature,  Solar  Radiation, 
and  Humidity.”  This  table  shows  that  at  a  maximum  anient  temperature  of 
120°F  a  relative  humidity  of  3%  can  be  expected.  The  shelter  indoor  design 
condition  that  was  used  in  the  market  survey  report  to  calculate  required 
humidification  capacity  at  this  condition  has  been  modified  to  more  closely 
reflect  the  specified  shelter  ambients.  A  high  temperature  condition  of  GS^F 
and  48%  RH  is  used  in  the  market  survey  report  to  calculate  capacity.  VSE  had 
inquired  concerning  the  possibility  of  raising  the  heat  pump  thermostat 
cooling  set  point  to  above  its  current  setting  of  76®F  to  reduce  the 
dehumidification  capacity  requirement.  The  Air  Force  has  stated  the  76®F 
thermostat  set  point  will  not  be  altered.  The  task  order  stated  an  allowable 
relative  humidity  range  of  48%  jj5%.  Specifications  stated  by  the  Air  Force 
stated  an  allowable  relative  hmldity  of  45%  +10%.  The  less  severe  45%  +10% 

RH  is  assumed  for  final  capacity  calculationsT  The  revised  load  calculation 
shown  below  is  based  on  a  design  condition  of  76^F,  45%  RH.  The  following 
equation  is  used  to  calculate  capacity: 

Q  (V2  -  Vi) 

M  - - 

V 

vdiere: 

H  <■  mass  flow  rate,  lb  water/hr 

0  ■  flow  rate  of  outside  air,  cu.  ft. /hr  (assume  fresh  air  flow  rate  of 
7200  cu.  ft. /hr  per  market  survey  report,  page  F-2)  * 

V  -  specific  volume  of  air,  cu.  ft. /lb  dry  air 
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Figure  3.  High  Temperature,  High  Humidity  Psychrometrlc  Process 


^  •  hmldlty  ratio  of  inside  air,  lb  water/lb  dry  air 

y2  •  hunidity  ratio  of  outaide  air,  lb  water/lb  dry  air 

To  c^tain  the  capacity  zequired  for  the  high  temperature,  high  humidity 
condition,  the  following  parameter  values  were  used.  V,  V][  and  V2  values  were 
obtained  from  ASHRAE  Psychroiaetric  Chart  No.  1  for  the  assumed  conditions  of 
outside  and  inside  air. 

Ml  -  mass  flow  rate  at  high  temperature,  high  humidity  condition. 

0l  «  720C  cu.  ft. /hr. 

V  -  14.7  cu.  ft. /lb  dry  air  for  outside  air  at  120OF  and  31  RH. 

Ml  -  .0086  lb  watcr/lb  dry  air  for  inside  air  at  760F  and  451  RH. 

V2  ■  .0020  lb  water/lb  dry  air  for  outside  air  at  IZO^F  and  31  RH. 
Therefore,  Mi  -  7200  { .0086  -  .0020} 

•  3.23  lb  water /hr. 

Howe*/er,  the  humidifier  must  possess  a  ”pull  down”  capability  so  that  the 
entire  service  shelter  space  (1,280  cu.  ft.)  is  conditioned  within  4  hours. 
This  additional  capacity,  as  calculated  below,  was  added  to  the  high 
temperature,  high  humidity  load.  The  following  new  parameter  values  were 
used. 

•  mass  flow  rate  for  4  hour  *pull  down”  flow  rate 

02  ■  1,280  cu.  ft.  «  320  cu.  ft. /hr 
Thr 

Therefore,  M?  -  320  (.0086  -  .0020} 

. 14,7 

■  .14  lb  water /hr 

And  the  necessary  maximiin  capacity  at  the  high  temperature,  high  humidity 
coition  is: 

M3  •  Ml  +  M2 

•  3.23  +  .14 

3.4  lb  tiater/hr. 

The  psychrometric  process  for  the  high  temperature,  low  humidity  condition 
is  shown  in  Figure  4.  Figure  4  shows  ventilation  air  entering  the  shelter  at 
120®F,  31  RH.  This  air  is  proportionately  mixed  with  inside  air  at  the  design 
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Figure  4.  High  Temperature,  Low  Humidity  Psychrometrlc  Process 


oonditlon  of  76^,  451  BH.  The  resulting  air  inlet  condition  to  the 
evaporating  coil  is  81<^.  35%  BH.  Based  <xi  Fort  Belvoir  heat  punp  test  data, 
the  air  leaving  the  evaporatiiig  coll  will  be  cooled  to  ai^roxisately  55°F. 

The  air  is  thm  warned  and  humidified  back  to  the  design  coiuiition  of  76°F, 
451  BH. 

(4)  Hyierate  Tertfierature.  High  Humidity.  Table  2-4  of  AR  70-38  is 
entitled  ‘'Basic  Climate  Design  Type;  Constant  High  Humidity  Daily  Cycle  of 
Temperature,  Solar  Radiation,  and  Humidity.”  This  table  shows  that  at  a 
temperature  of  TS^F  a  relative  humidity  of  100%  can  be  experienced.  A 
dehumidification  load  of  5.4  Ib/hr  is  required  during  this  condition  as 
calculated  on  page  F-6  of  the  market  survey  report.  The  moderate  tenperature, 
high  humidity  condition  oust  be  investigated  since  the  heat  pump  must  operate 
In  the  cooling  node  in  order  to  dehumidify,  but  will  not  operate  in  the 
cooling  Bkode  below  76^F,  as  presently  controlled.  The  heat  pump  thermostat 
set  points  are  such  that  heating  occurs  at  729F  and  below  and  cooling  occurs 
at  76®F  and  above.  A  dead  zone  exists  between  72  and  76°?.  In  order  to 
provide  dehxxaidification  capability  at  moderate  temperatures  the  control 
circuitry  of  the  heat  puap  must  be  modified.  The  psychrometric  process  for 
the  moderate  temperature,  high  humidity  condition  is  shown  in  Figure  5. 

Figure  5  shows  ventilation  air  entering  the  shelter  at  750F,  100%  BH. 

This  air  is  proportionately  mixed  %rith  inside  air  at  the  design  condition  of 
75®r,  45%  BH.  The  resulting  air  inlet  condition  to  the  evaporating  coil  is 
75^,  51%  BH.  Based  on  Fort  Belvoir  heat  pump  test  data  and  assixDing 
d^uBPldlflcation  is  called  for,  the  air  leaving  the  evaporating  coil  will  be 
dehumidified  to  a  dew  point  of  approximately  55°?.  The  air  will  then  enter 
the  supplementary  heaters  where  it  will  be  heated  to  slightly  above  the 
shelter  ambient. 

(5)  Low  Temperature.  Table  2-8  of  the  AR  70-38  is  entitled  "Cold  Climatic 
Design  Type;  Daily  Cycle  of  Temperature,  Humidity,  and  Solar  Radiation.”  This 
table  shows  that  at  a  minimum  temperature  of  -50^  a  relative  humidity  tending 
towards  saturation  can  be  expected.  The  shelter  indoor  design  condition  that 
was  used  in  the  market  survey  report  to  calculate  required  humidification 
capacity  at  this  condition  has  be«i  modified  to  more  closely  reflect  the 
sp^ified  shelter  aBk>ient8.  Low  temperature  conditions  of  70^F  and  48%  RH 
indoor  and  -25®F,  0%  RH  outdoor  were  used  in  the  market  survey  report  to 
calculate  capacity.  The  revised  load  calculations  shown  below  are  based  on  an 
Indoor  design  condition  of  72°F,  45%  RH  and  an  outdoor  design  condition  of 
-50OF,  100%  RH. 

To  obtain  the  capacity  required  for  the  low  temperature  condition,  the 
following  parameter  values  were  used.  V,  Vi,  and  V2  values  were  obtained  from 
ASHBAE  Psychrometric  Charts  No.  1  and  2.  Qi  remained  the  same  as  in  all  other 
conditions. 

H4  •  luss  flow  rate  at  low  temperature  condition. 

•  7200  cu.  ft. /hr. 


10 


'R1 


ilM 

§lii 

im  \ 

nil 

I  i 


sie»ev»RaK»s9Ka«iil 
ms'0fsm^m^ms6mmwMn\ 
s»sa«i&i0B'ifffSfiBis:sir 


I  r  Ji  i  3  I  I 


Figure  5.  Moderate  Temperature,  High  Humidity  Psychrometrlc  Process 


V  •  10.3  cu.  £t./Ib  dry  «ir  for  outside  sir  at  >50^  and  1001  BH. 

■>  .0075  lb  water/lb  dry  air  for  inside  air  at  72^F  and  45$  RH. 

« 

•  .0001  lb  water/lb  dry  air  for  outside  air  at  -50^F  and  100$  BH. 

Tberefore.  Ki  -  7200  (.0075  -  .0001) 

— - 


-  5.17  lb  water /hr. 

However,  the  hunldifier  oust  possess  a  "pull  down”  capability  so  that  the 
entire  service  shelter  space  (1,260  cu.  ft.)  is  conditioned  within  4  hours. 
Ibis  additional  capacity,  as  calculated  below,  was  added  to  the  low 
tenperature  load.  The  following  new  parasneter  values  were  used. 

Mg  -  aass  flow  rate  for  4  hour  *pull  down”  flow  rate 

02-1  ,280  cu.  ft.  -  320  cu.  ft. /hr 
4  hr 

Therefore,  -  320  (.0075  -  .0001) 

— ^:o - 

■  .23  lb  water /hr 

And  the  necessary  naxinun  capacity  at  the  low  temperatxire  condition  is: 

-  M4  +  1% 

-  5.17  ♦  .23 

•  5.4  lb  water /hr. 

The  psychronetric  j^ocess  for  the  low  tenperature  condition  is  shown  in 
Figure  6. 

Figure  6  shows  ventilation  air  entering  the  shelter  at  -50<^F,  100$  BH. 
This  air  is  proportionately  mixed  with  inside  air  at  the  design  condition  of 
72*^,  45$  BH.  The  resulting  air  inlet  condition  to  the  evaporating  coil  is 
58^F,  64$  BH.  The  air  is  then  reheated  by  the  supplementary  heaters  to 
approximately  110^,  (based  on  testing  performed  at  VSE).  The  air  is  then 
cooled  and  humidified  back  to  the  design  condition  of  72^F,  45$  BH. 

4.  OEHUMIDIFICATION  -  USE  OF  EXISTING  HEAT  PUMP 

(1)  Basis  of  Decision.  The  envlronaaital  control  unit  used  to  control 
tesperatiures  %rithin  the  Aircraft. Service  Shelter  is  a  model  MHP  36K208/60/3 
36,000  BTUH  nominal  heat  pump  oanufactured  by  A.R.E.  Manufacturing  Company. 
Through  analysis  of  capacity  test  data  provided  by  Fort  Belvoir  on  a  similar 
heat  pump  to  that  manufactxired  by  A.R.E. ,  a  decision  to  use  the  existing  heat 
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pua|>  for  dehuBidlflcatlon  purposes  vaa  mads.  The  latent  cooling  capacity 
together  with  tiie  inclusion  of  auxiliary  booster  heaters  in  the  heat  pump 
design  etnable  its  use.  as  a  dt^iualdlfier.  Since  the  size  of  a  separate 
dchunidifier  in  the  capacity  rar^  required  would  be  large  indeed,  the  use  of 
the  existing  heat  puap  is  the  only  logical  choice. 

(2)  Available  Capacity  of  Existing  Heat  Punp.  Capacity  data  used  in  this 
analysis  is  based  on  testing  performed  by  Electric  Testing  Laboratory  (ETL)  on 
a  heat  pump  manufactured  by  ECU  Inc.  It  is  believed  the  A.R.E.  heat  pump  ana 
the  ECU  heat  punp  were  manufactured  from  the  same  technical  data  pacxage  witn 
no  essential  differences  and  that  capacity  data  for  the  A.R.E.  heat  pump  wiU 
closely  approximate  the  ETL  test  results.  Capacity  test  data  is  available  at 
outdoor  temperatures  of  95°,  105°,  120°,  and  125°F  with  indoor  condition  at 
S0°r,  sit  SH  throughout. 

Two  dahuD&idification  scenarios  were  considered  in  this  investigation. 

These  occur  at  hi^  temperature,  high  humidity  (105°F,  59t  RH)  outside  ambient 
conditions  and  at  moderate  temperate,  high  humidity  (75°F,  lOOt  RH)  outside 
ambient  conditions.  The  capacity  at  the  moderate  temperature  condition  was 
determined  to  be  the  most  critical,  or  worst  case  dehumidification  condition 
since  the  heat  pump  does  not  normally  cool,  and  thus  dehumldify,  at  moderate 
temperatures.  Air  Force  personnel  specified  that  a  4-hour  "pull  down" 
cap^ility  be  included  which  added  slightly  to  the  total  dehumidification 
capacity.  Calculations  showing  the  heat  pumps  ability  to  meet  the 
d^uxBldlfication  needs  are  shewn  in  Appendix  A  (Market  Survey  Report,  Appendix 
P,  page  F-«). 

(3)  ^t  Pump  Modification  Required.  The  A.R.E.  heat  pump  is  equipped 
with  an  Accustat  model  LHP-‘AH22  thermostat  manufactured  by  PSG  Industries. 

The  themostat  provides  for  single  stage  cooling  and  two  stage  heating 
capability.  Sp^iflcally,  the  non-adjustable  thermostat  set  points  call  for 
cooling  at  76°F  and  above.  When  the  shelter  indoor  ancient  temperature 
reaches  76°r  the  heat  pump  operates  in  a  normal  air  conditioner  cycle.  When 
the  shelter  indoor  ambient  drops  to  72°F  and  below,  a  reversing  valve 
energizes  which  reverses  the  normal  air  conditioner  cycle  and  allows  the  heat 
pump  to  heat  the  ai»lter  space.  When  the  shelter  indoor  anbient  drops  to  680F 
and  below,  second  stage  heating  initiates,  consisting  of  electrical  resistance 
heaters.  Between  72°F  and  76°F  a  "dead  zone"  exists  where  the  heat  punp  is 
de-energized.  It  is  desirable  to  provide  dehumidification  over  the  widest 
range  possible.  The  thennoata',  and  heat  pump  control  circuitry  can  be 
modified  to  allow  dehualdificatiai  to  occur  in  the  "dead  zone".  Modifications 
required  consist  of  circuit  changes  on  the  thermostat  printed  circuit  (PC) 
board  and  the  addition  of  two  relays  with  appropriate  wiring  changes  to  the 
heat  pigq)  24V  control  circuitry.  Figure  7  shows  the  heat  punp  control  circuit 
modification. 

The  Accustat  thermostat  consists  of  a  printed  circuit  board  with  five 
wires  normally  brought  out  to  heat  pump  t'lrmlnal  board  connections.  The 
Bodlficatlai  entails  opening  a  circuit  on  the  PC  board  and  bringing  out  two 
additional  wires  to  heat  pump  control  circuitry  connections.  Figure  8  shows 
detail  of  the  thermostat  PC  board  modification. 
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Figure  7.  Electrical  Schenatic  Modification,  Heat  Pump 


Heat  pump  control  circuitry  oodificationc  involve  the  addition  of  two  3- 
pole,  double  throw  Potter  and  Brumfield  model  ICUP14A55>24  relays.  The 
additional  relays  add  to  the  current  load  of  the  circuit.  The  Accustat 
thermostat  has  a  maxixnun  current  load  rating  of  2.!>  air{}s.  During  operation  of 
the  modified  heat  pump,  only  one  of  the  additional  two  relays  will  be 
operating  at  any  one  time.  This  will  increase  the  current  loading  by 
approximately  .11  asps.  Measurements  of  the  maxiojim  loading  through  the 
thermostat  in  the  normal  configuration  was  1.3  airips.  The  additional  .11  amps 
is  not  expected  to  cause  an  overload  problem. 

The  current  requirements  for  the  heat  pump  will  increase  as  a  reuult  of 
the  modification.  When  dehumidifying  in  the  "dead  zone,"  the  unit  will  oe 
operating  in  the  cooling  mode  with  both  supplementary  heaters  operating 
simultaneously.  Currents  as  high  as  40  amps  were  recorded  during  VSE  testing. 
This  represents  an  approximate  291  increase  over  the  maxlnijm  current  draw  of 
the  unmi^ifled  heat  puop.  The  additional  current  is  not  expected  to  adversely 
affect  the  heat  pump.  Only  a  single  terminal  board  within  the  heat  pump 
carries  tne  higher  current. 

(4)  Design  Limitation.  There  are  many  advantages  to  using  the  existing 
heat  pump  for  dehumidification  purposes.  By  far  the  most  important  advantage 
is  the  space  savings  afforded.  However,  there  is  a  limitation  with  this 
concept.  No  dehumidification  capability  is  available  when  the  heat  pump  is 
operating  in  the  heating  mode.  During  heating,  the  indoor  heat  exchanger  coil 
is  rejecting  heat.  Thus,  there  Is  no  cool  surface  on  which  to  condense 
moisture.  It  is  anticipated  that  dehumidification  will  rarely  be  needed  below 
72^.  Generally,  dehumidification  will  not  be  required  at  lower  ambients  due 
to  the  decreased  ability  of  air  to  absorb  moisture  at  lower  temperatures.  A 
psychrometrlc  chart  will  show  that  at  ambient  temperatures  of  55^F  and  below 
with  loot  HH,  the  moisture  load  would  not  be  enough  to  exceed  our  indoor 
maximum  allowable  RH  limit  of  5St  at  72*^F.  However,  it  is  possible  to 
experience  outside  as^iieaits  between  SS^F  and  720F  with  high  RHs.  At  these 
conditions  the'iioat  pump  must  first  satisfy  the  thermostat's  call  for  heat 
(indoor  ^ce  heated  to  72^)  before  the  heat  puap  will  operate  in  the 
dehumidi]:icatl<xi  mode.  The  process  of  heating  the  shelter  air  will  naturally 
reduce  relative  humidity.  The  operation  logic  for  deh^anidiflcatlon  Is  charted 
below: 


Modified  Heat  Pump  Function  at  Various  Temperature  Conditions 


Bel/w  729F 
Heat  puup  operates 
in  heating  mcxle. 
Heating  of  air 
naturally  reduces 
RH. 


Between  72  ai^  76QF 
Heat  pgnp  wlJl  opiate  in  cooling 
mode  with  supplementary  heaters 
operating  simultaneously.  Air  is 
dehumidified  by  the  cooling  coil 
and  then  reheated  to  minimize 
effect  on  shelter  air  temperature. 


-  Above  76QF 
Heat  pump  operates 
in  cool  mode.  Air 
is  dehumidified  by 
cooling  coil. 
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5.  HUMIDIFICATION  EQUIPMENT 


(1)  General .  Ttw  two  steam  generator  humidifiers  procured  for  testing 
and  evaluation  present  a  sharp  contrast  in  their  design.  The  Vaponnist  model 
VM2  manufactured  by  the  Ori  Steem  Humidifier  Company  is  a  relatively 
sophisticated  humidifier  with  many  auxiliary  features  designed  into  the  unit. 
The  unit  is  of  heavy  duty  construction,  has  elactronic  water  level  control, 
autcanatic  skimming  and  draining  features,  low  water  protection  and 
distribution  blower.  The  unit  is  specifically  designed  with  maintenance  in 
mind.  The  Autoflo  model  L-lOll-K,  manufactured  by  American  Metal  Products 
Company,  is  designed  with  simplicity  in  mind.  The  unit  basically  consists  of 
a  water  reservoir  with  heating  element,  float  controlled  water  inlet  valve, 
float  controlled  switch  and  distribution  blower. 

(2)  Drl  Steem  Humidifier.  The  Dri  Steem  humidifier  contains  a  Teflon 
coated  18  gauge  stainless  steel  evaporation  chamber.  Water  supply  and  dram 
lines  to  the  diamber  are  both  provided  with  solenoid  valves.  The  supply  inlet 
is  1/4"  NPT  and  the  drain  line  is  3/4"  SW.  A  skimmer  port/overflow  drain  is 
provided  which  is  intended  to  skim  off  chamber  surface  water  following  each 
fill  cycle.  During  normal  operation  dissolved  minerals  tend  to  concentrate  at 
the  surface.  Skinming  off  surface  %»ater  will  increare  the  period  between 
servicing.  A  single  2  kV  electric  resistance  element  is  provided  for  heat 
transfer.  Evaporator  pan  water  level  is  sensed  by  a  three  prong  conductivity 
sensor  which  cycles  the  solenoid  operated  fill  valve  and  the  heating  element. 
The  unit  possesses  a  drain/flush  feature  also  designed  to  increase  time 
bet%reen  servicing.  An  internal  control  module  contains  an  integral  electronic 
timer  vAiich  accumulates  the  humidifier  "ON"  time.  When  accumulated  "ON”  time 
reaches  the  timer  set  point,  the  drain/flush  cycle  begins.  The  unit  will 
simultaneously  fill  and  drain  for  10  minutes. 

The  Dri  Steem  humidifier  is  housed  in  a  20  gauge  steel  cabinet,  the  floor 
of  ^rtiich  constitutes  a  drip  pan,  provided  with  a  1/2"  NPT  drain  connection. 

The  cabinet  is  provided  with  two  removable  panels  for  access  to  internal 
components.  Panels  are  secured  in  place  with  key  locks.  The  evaporator 
chamber  is  slide  mounted  for  ease  of  access.  Pilot  ligl.ts  on  the  housing 
front  annunciate  the  ready  water  mode,  the  fill  mode  and  the  drain/flush  mode. 

The  unit’s  electrical  compartment  contains  a  120V/24VAC  transformer,  a 
power  relay,  timer  printed  circuit  board,  water  level  control  printed  circuit 
board,  power  block  for  connecting  power  line.«j  and  terminal  board  for 
humidlstat  connection. 

The  unit  is  equipped  with  a  separately  wired  fan  distribution  unit  which 
sits  on  top  of  the  humidifier.  The  unit  houses  a  265  cfm  blower  with  a  steam 
dispersion  tube  mounted  downstream  of  the  blower.  The  blower  is  controlled 
with  a  thermal  switch  located  adjacent  to  the  metal  steam  tubing. 

The  entire  humidification  unit  is  34”  high  x  24"  wide  x  16"  deep  and 
weighs  aK>roximatel\  118  lb  operating.  It  costs  approximately  $1200  conplete. 
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(3)  Dri  Steem  Humidifier  -  Teat  Result  Sumnary.  The  following  tents  were 
perforated  to  dieteraine  the  units  suitability  £or  use  In  the  Aircraft  Service 
Shelter: 

o  Human  Factors  Evaluation 
o  Sound  Level 
o  Tilted  Operation 
c  Variable  Voltage  and  Frequency 
0  Vibration 
o  Capacity 

o  High  Temperature  Storage 
o  Lew  Temperature  Storage 
o  Electromagnetic  Interference 

The  Dri  Steem  humidifier  possesses  a  significant  bum  haaard.  The  steam 
distribution  tube  located  downstream  of  the  blower  is  exposed.  The  tube 
temperattire  during  operation  is  approximately  180*^F.  Removing  tlie  front 
access  panel  will  expose  the  evaporator  chamber  which  is  also  ISQOF  during 
operation.  No  warning  labels  are  provided.  Operating  weight  of  the 
humidifier  and  blower  assembly  is  118  lb.  No  handles  are  provided  for  safe 
lifting. 

The  humidifier  demonstrated  very  low  sound  levels.  Levels  are  well  below 
the  dB(A)  criteria  of  category  F  in  Table  2  of  MIL-sn>-l474.  Category  F 
requirements  are  imposed  in  shelters  where  frequent  telephone  or  radio  use  or 
frequent  direct  cooinunlcatlon  at  distances  up  to  5’  is  required. 

The  humidifier  will  not  function  properly  when  tilted  5°  in  certain 
directions.  The  maxitnum  allowable  tilt  is  2^. 

The  humidifier  operated  satisfactorily  during  variable  input  power  tests. 
The  tested  voltage  and  frequency  combinations  were  132V-60H2,  132V-50H2,  108V- 
60H2  and  108V-50HZ. 

No  damage  resulted  during  the  simulated  transportation  vibration  test. 

Capacity  testing  demonstrated  that  the  unit  could  not  meet  the  minimum  5.4 
Ib/hr  steaming  rate.  This  deficiency  is  due  to  the  evaporating  chamber  refill 
mode  whi  n  is  cyclic.  The  refill  mode  occurs  approximately  every  hour. 

During  refill  the  heating  element  de-energi2es  resulting  in  no  steam  emission 
for  17  minutes. 

The  humidifier  was  undamaged  and  functioned  properly  following  the  high 
and  low  temperature  storage  tests.  These  tests  were  performed  at  +I6OOF  and 
"60Of. 

The  humidifier  was  below  the  conducted  and  radiated  EMI  emission  level 
limits  iaposed  bj-  i»«thods  CE03  and  RE02  of  MIL-STD-461,  Part  4  for  steady 
state  conditions.  The  unit  exceeded  the  limits  for  transients,  however  all 
transient  durations  were  much  less  than  the  1  second  duration  allowable  for 
military  standard  air  conditioners. 


Following  all  testing  the  unit  was  inspected  for  general  appearance. 

Kinor  corrosion  had  begun  to  occur  on  the  exterior  of  the  cabinet  at  the  seam 
between  the  base  panel  and  the  side  panels.  Very  minor  pitting  corrosion  had 
begun  to  occur  on  the  interior  of  the  evaporator  chamber.  Minor  corrosion  iiad 
beg\in  on  the  heating  element. 

(4)  Autoflo  Humidifier.  The  Autoflo  humidifier  consists  of  a  22  gauge 
stainless  steel  reservoir  contained  within  a  sheet  metal  housing.  Reservoir 
is  equipped  with  a  1.4  kV  electric  resistance  heating  element.  A  stainless 
steel  and  bronze  float  valve  maintains  the  proper  water  level  within  the 
reservoir  through  a  1/8"  inlet  port.  A  stainless  steel  and  bronze  float 
switch  provides  low  water  protection.  Should  the  water  level  drop  too  low  for 
safe  operatiem,  a  microstritch  will  shut  off  power  to  the  heating  element.  The 
reservoir  is  equipped  %rith  two  3/4”  threaded  ports  for  manual  flushing.  A 
drain  line  may  be  connected  to  the  upper  port  to  provide  for  overflow 
protection.  Steam  dispersion  is  acccenplished  with  a  fan  assembly.  A  simple 
shaded  pole  electric  motor  with  a  plastic  axial  fan  is  mounted  in  a  sheet 
metal  housing.  A  thermal  switch  adjacent  to  the  water  reservoir  operates  the 
fan. 

The  unit  junction  box  contains  a  power  relay,  a  120V/24VAC  transformer, 
thermal  switch  and  microswitch,  and  necessary  terminal  boards.  An  external 
terminal  board  is  provided  for  humidistat  connection,  A  pilot  light  affirms 
that  the  unit  is  operating.  The  «itire  himidification  unit  is  16”  high  x  14" 
\ride  X  14”  deep  and  weighs  ai^roximately  35  lb  operating.  It  costs 
approximately  S340  complete. 

(5)  Autoflo  Humidifier  -  Test  Result  Summary.  The  following  tests  were 
performed  to  <ietermine  the  units  suitability  for  use  in  the  Aircraft  Service 
Shelter: 

o  Human  Factors  Evaluation 
o  Sound  Level 
o  Tilted  Operation 
o  Variable  Voltage  and  Frequency 
0  Vibration 
o  Capacity 

o  High  Temperature  Storage 
o  Low  Temperature  Storage 
o  Electromagnetic  Interference 

The  Autoflo  humidifier  possesses  a  significant  burn  hazard.  The  unit  has 
an  unguarded  back  which  allows  the  possibility  of  coming  in  contact  with  the 
heated  water  and  the  rotating  fan.  The  sheet  metal  work  is  relatively  poor, 
with  sharp  comer  edges  which  are  not  radiused  or  buffed. 

The  hxxoidifier  demonstrated  very  low  sound  levels.  Levels  are  well  below 
the  dB(A)  criteria  of  category  F  in  Table  2  of  MIL-STD-1474 .  * 

Tilting  the  unit  5°  in  certain  directions  impairs  proper  operation.  The 
maximum  allowable  tilt  is  1°. 
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The  hunldifler  operated  satisfactorily  during  variable  input  power  tests. 
Die  tested  voltage  and  frequency  combinations  were  I32V-60Hz,  132V-50HZ,  108V- 
GOHz  and  lOSV-SOHz. 

The  unit  was  not  damaged  during  the  simulated  transportation  vibration 
test . 

Capacity  testing  demonstrated  that  the  unit  could  not  meet  the  minimum  5.4 
Ib/hr  steaming  rate.  Two  humidifiers  would  be  required  for  the  service 
shelter  application. 

Die  humidifier  was  undamaged  and  functioned  properly  following  the  high 
and  low  temperature  storage  tests.  These  tests  were  performed  at  and 

-60OF. 

Humidifier  operation  proved  to  be  below  the  conducted  and  radiated  EMI 
emission  level  limits  imposed  by  methods  CE03  and  RE02  of  MIL-STD-461 ,  Part  4 
for  steady  state  conditions.  The  unit  exceeded  the  CE03  limits  for 
transients,  hotiever  all  transient  durations  were  much  less  than  the  1  second 
duration  allowable  for  military  standard  air  conditioners. 

Following  all  testing  the  unit  was  Inspected  for  general  appearance. 

Minor  pitting  corrosion  had  begun  to  occur  on  the  interior  of  the  heating 
reservoir. 

6.  HUMIDIFIER  SUPPLY  WATER 

(1)  Water  Hardness  -  General.  In  order  for  humidification  equipment  to 
operate,  water  must  be  introduced  into  the  system  prior  to  dispersion  within  a 
conditioned  space.  For  the  Aircraft  Service  Shelter  humidification  system  it 
is  assumed  potable  supply  water  %dll  be  used.  It  is  also  assumed  that 
distilled  or  donineralized  water  will  not  be  available  for  system  use.  The 
hardness  of  the  water,  or  the  mineral  content,  can  have  a  significant  impact 
on  the  maintenance  requirements  and  life  expectancy  of  a  humidifier. 

The  water  for  the  Aircraft  Service  Shelter  is  anticipated  to  be  from 
surface  water  sources  such  as  reservoirs,  lates,  rivers,  treated  sea  water  or 
ground  water  wells.  Concern  for  water  hardness  primarily  centers  around 
ground  water  sources  since  water  which  filters  down  through  the  ground  to 
water  tables  has  a  mudi  greater  likelihood  of  coming  in  contact  with  minerals 
and  thereby  dissolving  these  minerals  into  the  t«ter.  The  F-16  maintenance 
complex  can  be  deployed  worldwide.  Therefore,  water  found  anyvhere  in  the 
world  may  be  used  in  this  humidification  system. 

Information  on  water  hardness  proved  difficult  to  obtain.  Organizations 
such  as  the  U.S.  Geological  Survey,  Environmental  Protection  Agency,  American 
Water  Works  Association,  World  Health  Organization.  Organization  of  Economic 
Cooperation  and  Development  and  Geraghty  and  Hiller  Inc.  (ground  water 
consultants)  were  contacted.  Very  general  information  on  hardness  in  the  U.S. 
was  obtained.  No  information  on  water  hardness  worldwide  was  obtained. 
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It  MU  determined  that  designing  for  a  "worst  case*  water  hardness  is 
virtually  impossible  and  very  i^ractical.  Water  hardness  may  be  expected  to 
vary  from  less  than  5  grains/gallon  to  over  110  grains/gallon.  Water  hardness 
is  a  transient  condition.  Local  vater  hardness  may  change  significantly  over 
a  period  of  time.  Treatment  methods  for  reducing  water  hardness  are  discussed 
in  the  following  paragraph. 

(2)  Water  Treatment  Methods  Investigated.  Water  hardness  is  primarily 
composed  o£  calcium  and  magnesium  salts  dissolved  as  positive  ions  (cations) 
in  solution. 

Water  hardness  can  present  many  problems  for  humidification  systems. 
Atomisati(»v-typ«  humidifiers  distribute  water  including  all  its  dissolved 
solids  into  the  ocmditioned  space.  Upon  eviration  of  the  water,  the  solid 
minerals  settle  as  a  fine  dust  over  all  items  contained  within  the  space. 
Introducing  this  dust  into  electronic  equipment  internals  can  impair  the 
equipment's  operation.  Maintenance  of  the  atomization- type  equipment  is 
relatively  low  since  the  dissolved  minerals  do  not  accumulate.  The  potential 
problem  of  dust  accunulation  cm  equipment  within  the  shelter  was  eliminated  by 
ruling  out  use  of  atomization-type  humidifiers.  The  only  practical  method  for 
humidifying  the  service  shelter  is  the  use  of  steam  generation  equipment. 
Maintenance  of  steam  generation  humidifiers  is  a  major  concern.  Steam 
generator  maintenance  is  greatly  dependent  on  the  hardness  of  the  water  since 
^ssolved  minerals  do  aCcunulate  in  the  humidifier.  Allowing  hardness  scale 
to  build  up  on  humidifier  internals  tdll  reduce  unit  life.  Several  water 
treatment  methods  exist  idilch  redtuce  water  hardness.  Among  those  Investigated 
were  water  softeners,  demineralizers,  reverse  osmosis  equipment,  magnetic 
inhibitors  and  diemical  treatment. 

Water  softeners  remove  calciiZB  and  magnesium  cations  from  solution  by  an 
ion  exdiange  process.  Ihis  process  requires  a  resin  tank  and  a  brine  tank. 

The  resin  tank  contains  resin  beads  with  an  affinity  for  cations.  Initially 
brine  (sodium  chloride)  is  educted  into  the  resin  tank  where  the  resin 
separate  sodium  cations  from  the  sodium  chloride  molecule  and  attracts  the 
cation  to  the  resin  surface.  Raw  water  is  then  flowed  through  the  sodium 
saturated  resin  tank  where  ion  exdiange  takes  place.  Calciun  and  magnesium 
cations  exchange  cn  the  resin  beads  and  displace  sodiun  cations  into  the  water 
stream.  Eventually  the  resin  is  saturated  with  hardness  ions  and  must  be 
regenerated  with  brine.  The  brine  tank  contains  enough  sodium  chloride  for 
several  regenerations.  This  method  does  not  address  ^e  problem  of  scale 
build  up  on  humidifier  internals.  Sodium  merely  replaces  calcium  and 
magnesium  in  the  water  and,  therefore,  a  sodium  scale  will  accumulate. 

Deionizers  or  demineralizers  use  an  ion  exchange  process  to  remove  all 
ions  in  solution.  Deionizers  use  two  ion  exchange  resins  to  remove  Isoth 
cations  and  anions  from  the  raw  %ater.  Hardness  such  as  calcium  carbonate 
(Ca'*’C03")  and  magnesium  sulfate  (Mg‘^4~)  are  exchanged  on  the  resin  beads  and 
replaced  in  the  water  stream  %rtth  hydrogen  (H*’)  and  hydroxyl  <OH“)  ions  which 
combine  to  form  water.  Follo%ring  depletion  of  the  resins,  regeneration  with  a 
strong  acid  and  strong  base  is  required  to  restore  the  ion  exchange 
c«pability.  Deionization  delivers  water  of  extremely  high  quality.  The 
regeneration  process  is  cumbersome.  Usually  a  purchaser  of  this  type 
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equipmuit  will  also  contract  for  periodic  replacement  of  the  resins.  Resins 
are  then  retiimed  to  a  facility  for  regeneration.  Deionizers  are  available 
with  disposable  cartridges.  Deionizer  drawbacks  include  the  size  of  equipment 
needed  and  inlet  water  pressure  needed  for  efficient  operation.  Inlet  water 
pressure  is  not  necessarily  required  for  deionizers  however,  water  which  is 
fed  by  gravity  will  tend  to  channel  through  the  unit  thereby  reducing 
demlneralizer  capacity.  Additional  pressure  drop  through  a  deionizer  may 
adversely  impact  the  water  flow  to  the  humidifier. 

Osmosis  is  a  natural  phenomena  which  is  the  passage  of  a  liquid  through  a 
semi -permeable  material  or  membrane  vdiere  the  liquid  flows  from  a  state  of  low 
concentration  of  impurities  to  a  state  of  higher  concentration.  Reverse 
osmosis  equipment  reverses  this  natural  phenomena  by  forcing  pure  water 
through  a  specially  designed  manbrane  and  the  dissolved  solids  or  hardness 
remain  on  the  feed  side  of  the  mambrane.  This  process  requires  a  high 
pressure  water  siip^ly.  An  auxiliary  pump  would  be  necessary.  Again,  the  size 
alone  for  this  equipment  precludes  its  use. 

Magnetic-type  deionizers  are  available  for  removing  suspended  ions.  A 
magnetic  field  is  established  through  which  the  raw  water  flows.  Positively 
charged  ions  are  drawn  to  the  walls  of  the  water  tubing  towards  the  magnet. 

As  the  ions  accumulate  on  the  walls,  the  water  passage  narrows.  Among  the 
%uter  treatment  equipment  vendors  contacted  the  general  consensus  was  that 
magnetic  deionizers  are  not  effective  due  to  insufficient  contact  time. 

Chmnlcal  additives  can  be  used  to  treat  hard  water.  Calcium  and  magnesium 
have  a  molecular  structure  vAiich  allows  these  molecules  to  fit  into  the 
microscopic  crevices  of  a  humidifier.  Additional  calcium  and  magnesium  build 
upon  those  preceding  until  a  hard  scale  forms.  Chemical  additives  can  be  used 
to  keep  this  building  process  from  occurring.  A  crystal  scale  distorter,  such 
is  a  polyphosphate,  actually  distorts  the  molecular  structure  of  calcium  and 
magnesiura  8u<±  that  these  molecules  do  not  adhere  to  the  sides  of  the 
humidifier.  Ihe  minerals  remain  fluidized  and  tend  to  form  a  sludge  at  the 
bottom  of  the  evaporator  pan.  The  sludge  can  easily  be  flushed  out. 

(3)  Water  Supply  Equipment.  Pressurized  water  is  not  available  in  the 
Aircraft  Service  belter.  For  this  reason  a  gravity  flow  feedwater  system  to 
the  humidification  equipment  is  proposed.  Hanscom  Air  Force  Base  has  ieposed 
a  requirement  for  eight  hours  of  continuous  operation  for  the  humidity  control 
equipment  at  rated  capacity  without  operator  attention.  Since  our  maximum 
capacity  la  S.4  Ib/hr  water  for  the  humidifier,  a  storage  tank  capacity  of 
just  over  five  gallons  is  required.  Since  gravity  flow  is  required,  the  tank 
should  be  mounted  high,  close  to  the  shelter  ceiling.  Plastic  tubing  will 
connect  the  tank  to  the  humidifier  inlet.  Hanscom  AFB  requires  a  low  water 
alarm  for  the  water  supply  tank.  A  float  switch  wired  to  an  annunciating  lamp 
will  alert  shelter  operators  to  a  low  siipply  water  condition. 

Aetna  Plastics  Corporation  manufactures  equipment  ^ich  appears  adequate 
for  this  application.  A  seven  gallon  square  tank  part  no.  14300-0010  is  12”  x 
12"  X  12".  The  tank  is  open  for  easy  refilling  and  provided  with  a  cover. 

The  tank  is  fabricated  from  a  cross  linked  polyethylene  which  should  provide 
adequate  rigidity.  This  polyethylene  material  is  capable  of  withstanding 


tcofwratvires  of  225<’F  to  -140*^.  DrainAge  %fill  be  from  the  side,  just  above 
the  tank  bottcn.  A  1/2”  CPV^  bulkhead  fitting  with  a  1/2”  compact  ball  valve 
will  provide  for  on/off  flow  control.  A  1/2”  elbow  will  direct  flow  downward. 
1/2”  plastic  Tygon  txibing,  R-3603,  can  be  routed  from  the  tank  to  the 
humidifier.  The  tubing  has  a  temperature  range  of  +165°?  to  -580F. 

The  low  water  level  alarm  reqLiircment  can  be  satisfied  with  a  Con^c 
Engineering  series  15-650  side  mounted  magnetic  float  switch  which  will  be 
wired  to  an  annunciating  lamp.  The  lamp  requirement  can.be  satisfied  with  a 
General  Instnjment  Corporation  socket  part  no.  5100-822,  incandescent  bulb 
part  no.  CM757  and  a  red  fluted  dome  part  no.  25P-326R  (identical  lamps  con  Le 
used  for  warning  of  extreme  high  or  low  humidity  conditions). 

A  potential  problem  %rith  a  water  storage  tank  is  the  gro%h:h  of 
microorganisms.  Control  of  bacteria  can  be  accomplished  with  the  use  of  a 
biocide  such  as  Biocide  20  manufactxired  by  Okite  Products.  No  organic  growth 
will  occur  in  an  operating  steam  generating  humidifier  due  to  the  high 
temperatures . 

(4)  Equiponent  Environment  (Dust).  During  the  market  survey  investigation 
it  was  determined  that  two  basic  humidifier  designs  could  technically  provide 
the  necessary  humidification  within  a  reasonable  space  envelope.  The  steam 
generation  and  atomisation-type  humidifiers  were  chosen  for  further 
evaluation.  Subsequent  information  from  the  manufacturer  of  equipment  used  in 
the  Aircraft  Service  Shelter  indicated  that  atomization- type  humidifiers 
should  be  excluded  from  consideration.  Atomizers  have  the  inherent  problem  of 
discharging  water,  with  all  its  dissolved  minerals,  into  the  conditioned 
space.  Upon  evaporation,  the  minerals  settle  out  and  accumulate  on  equipment 
surfaces  within  the  shelter.  Discussions  %ri.th  personnel  from  General  Dynamics 
who  designed  the  Aircraft  Service  Shelter  indicated  that  disk  drives  used 
within  the  shelter,  Hewlett-Packard  models  7905  and  7906,  may  be  susceptible 
to  a  dust  laden  environnent. 

Hewlett-Packard  was  contacted  regarding  their  7905  and  7906  disk  drives. 
Hcxlels  7905  and  7906  contain  electronic  heads  which  interact  with  the  disk 
media  to  store  or  recall  magnetic  signals  that  are  eventually  translated  into 
usable  data.  The  heads  are  of  an  aerodynamic  design  which  allows  them  to 
float  or  ride  an  air  cushion  over  the  disk  media.  The  air  gap  width  is 
approximately  30  microns.  For  comparison,  smoke  particles  are  in  the  250 
micron  diameter  range.  The  relative  speed  of  the  disk  media  to  the  head  is 
approximately  150  mph.  Any  contact  between  the  two  can  be  very  damaging. 
Contact  betvfeen  the  head  and  the  disk  media  which  is  called  "crashing”  can 
destroy  the  head  and/or  the  media. 

These  units  are  indeed  very  susceptible  to  dust  particles.  These  disK 
drives  are  equipped  %rith  a  double  filter  and  blower  assembly.  The  first  stage 
filter  is  basically  a  futT*ace  type  filter  for  trapping  very  large  particles. 
The  sec(Mnd  stage  filter  is  a  very  fine  paper  which  filters  down  to  particle 
diameters  of  tluree  microns.  The  blotter  provides  for  cooling  and  maintaining  a 
positive  pressure  within  the  disk  drive.  Operation  of  the  disk  drives  in  a 
dusty  environment  will  clog  the  filters  very  quickly.  Clogged  filters  will 
not  allow  the  blower  to  maintain  an  internal  positive  pressure,  thus 


permitting  dust  particles  to  infiltrate  and  obstruct  the  head/media  interface. 
Clogged  filters  will  not  allow  proper  cooling  whidi  will  increase  internal 
tea^ratures  and  rechoce  internal  air  density.  The  rarified  air  will  impair 
the  operation  of  the  aerodynamic  head  by  reducing  its  lift  characteristics  and 
thus  the  head  rides  closer  and  closer  to  the  disk  media.  Air  of  sufficiently 
low  density  will  allow  the  head  to  "crash”. 

Hewlett-Packard  recooiaended  the  use  of  an  atomization  type  humidifier  only 
if  the  water  supply  is  deionized. 

No  information  %«as  obtained  on  the  dust  siisceptibility  of  F-16  components 
which  may  pass  through  the  service  shelter. 

7.  HUHIDm  CONTBOLS 

(1)  General .  The  humidity  controls  chosen  for  testing  all  sense  the 
moisture  content  of  the  air  by  use  of  nylon  sensing  elements.  Nylon  can  be 
fabricated  to  possess  hygroscopic  properties.  The  humidistat  industry  is 
tending  more  and  more  to  use  nylon  elements  as  opposed  to  hair  or  paper 
elonsits  for  basic  humidity  controllers.  Nylon  has  a  reputation  cor  good 
precision,  although  accuracy  is  difficult  to  control  during  the  fabrication 
process. 

The  response  time  for  nylon  increases  with  decreasing  temperature.  The 
ability  of  nylon  to  absorb  moisture  is  hindered  at  lower  ambients.  Generally, 
nylon  element  hxmldistati  should  not  be  used  at  teitf>eratures  below  60^F. 

Honeytfell  humidistat  models  H46C  and  H60GA,  Barber  Colman  model  HClOl  and 
Abbeon  Cal  model  4703-602  were  procured  for  testing.  Only  the  Abbeon  Cal 
humidity  control  is  capable  of  controlling  both  a  humidifier  and  a 
dehuoldlfier.  The  other  models  «K}uld  require  two  controls  for  both  a 
humidifier  and  d^umidifier.  Each  humidity  control  was  subjected  to  the 
following  tests: 

o  Human  Factors  Evaluation 
o  Initial  Controls  Performance  Test 
o  Vibration 

o  High  Temperature  Storage 
o  Low  Temperature  Storage 
o  Final  Controls  Performance  Test 
o  Electromagnetic  Interference 

(2)  Honeywell  Humidity  Control  (Model  H46C).  The  Honeywell  model  H46C 
contains  a  single  pole,  single  throw  snap  switch  which  controls  a 
dehumidifier.  Unit  is  provided  with  a  20-80t  adjustable  dial  and  positive 
on/off  setting  positions  for  manual  operaticm  of  the  controlled  equipment. 

The  unit  possesses  a  51  RH  differential,  >dilch  closes  the  switch  at  the  set 
point  and  will  open  the  switch  at  the  set  point  minus  the  differential.  The 
unit  is  enclosed  in  a  molded  plastic  case  4-21/32"  x  2-15/16"  x  1-3/8"  and 
includes  an  adapter  plate  for  vertical  switch  box  mounting.  The  humidistat 
has  lead  vrire  connections  suitable  for  up  to  240V  use.  Model  H46D  is  similar 
in  operation  and  will  control  a  humidifier. 
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(3)  Honeywall  Hyildity  Control  (Model  H46C)  -  Test  Sunmary.  The 

initial  controls  performance  teat  Indicated  that  this  model  had  an  inaccuracy 
of  approxiaately  3%  RH  upon  reception  from  the  equipment  supplier.  The  unit 
VOS  recalibrated. 

The  hunan  factors  evaluation  indicates  that  the  height  of  the  rotating 
adjustiaent  knob  is  not  per  MIL-STDS.  Labeling  of  the  unit  lacks  in  bolding 
and  is  not  per  WL-STDS.  Indicator  scale  is  in  increments  of  lOt  EUi.  It  is, 
therefore,  difficult  to  accurately  adjust  the  unit. 

The  humidity  control  endured  the  vibration,  high  temperature  storage  and 
low  tciqperature  storage  tests  with  no  a^^arent  damage. 

The  final  control  performance  test  revealed  that  the  model  H46C  maintained 
its  accuracy  better  than  the  other  candidates.  The  unit  was  inaccurate  by 
approxixoately  It  BH. 

EMI  testing  indicated  that  the  humidity  control  was  within  the  radiated 
emission  level  limits  imposed  by  method  RE02  of  MIL-STD-461 ,  Part  4  for 
transients. 

(4)  Honeywell  tfamidity  Control  (Model  H600A).  The  Honeywell  model  H600A 
contains  a  single  pole,  double  throw  switch  which  can  be  used  to  control 
either  a  humidifier  or  dehumidifier.  Unit  is  provided  with  a  2(>-80t  RH 
adjustable  dial  aixl  has  a  5t  RH  differential.  It  is  enclosed  in  a  molded 
plastic  case  5-3/4*  x  3-3/4*  x  2-3/16*,  and  includes  a  metal  adapter  plate  for 
switch  box  mounting.  The  humidistat  has  lead  wire  connections  suitable  for  up 
to  240V  use. 

(5)  Honeywell  Humidity  Cwtrol  (Model  H600A)  -  Test  Result  Sunmary.  The 
initial  controls  performan^  test  indicated  that  the  H60QA  was  inaccurate  by 
approximately  14t  RH  upon  receptiw  from  the  equipment  supplier.  The  unit  was 
recalibrated. 

The  huoan  factors  evaluati<»  indicates  that  the  height  and  the  diameter  of 
the  rotating  adjiistment  knob  is  not  per  MIL-ST136.  Knob  is  rmnovable,  thus 
easily  lost.  Adjustment  knob  and  scale  are  located  on  top  of  unit  requiring 
mounting  of  lower  than  eye  level  for  viewing.  This  would  place  the  unit  in 
height  area  susceptible  to  damage  by  bumping  from  personnel.  Mounting  unit  at 
eye  level  would  make  the  indicator  scale  difficult  to  read.  The  indicator 
scale  is  in  increments  of  lOt  RH,  staking  it  difficult  to  accurately  adjust  the 
unit.  Generally  this  was  the  most  difficult  humidity  control  to  adjust. 

The  humidity  control  successfully  coopleted  the  vibration,  high 
temperature  storage  and  low  temperature  storage  tests  with  no  apparent  damage. 

The  final  controls  performance  test  revealed  that  the  model  H600A  was 
Inaccurate  by  approximately  3X  RH. 


EMI  testing  Indicated  that  the  humidity  ctmtrol  was  within  the  radiated 
emission  level  limits  imposed  by  toethod  RE02  of  MIL-STD-461,  Part  4  for 
transients. 

(6)  Barber  Co Iman  Humidity  Control.  The  Barber  Colraan  model  HClOl 
contains  a  single  pole,  double  throw  switch  which  can  be  used  to  control 
either  a  humidifier  or  dehumidifier.  The  unit  is  provided  with  a  10-90%  RH 
adjustable  dial,  and  possesses  a  5%  RH  differential.  It  is  enclosed  in  a 
molded  plastic  case  4-3/8”  x  2-7/8”  x  1-5/8”.  Two  screw  holes  are  provided  in 
a  plastic  backplate  for  mounting.  The  humidistat  has  lead  wire  connections 
suitable  for  up  to  240V  use. 

(7)  Bar^r  Co  Iman  Humidity  Control  -  Test  Etesult  Summary.  The  initial 
controls  performance  test  indicted  that  the  unit  was  inaccurate  by 
approximately  St  PH  upon  reception  from  the  equipment  supplier.  The  unit  was 
recalibrated. 

The  human  factors  evaluation  revealed  that  the  height  of  the  adjustment 
knob  is  not  per  MIL-STDS.  Reference  indicator  and  knob  ai'e  the  same  color, 
thus  contrast  requirements  of  MIL-STDS  are  not  met.  The  indicator  scale  is  in 
increments  of  lOt  PH,  making  it  difficult  to  accurately  adjust  the  unit. 

The  humidity  control  endured  the  vibration,  high  temperature  storage  and 
low  tenperature  storage  tests  with  no  apparent  damage. 

The  final  controls  performance  test  revealed  that  the  unit  was  Inaccurate 
by  approximately  9%  PH. 

EMI  testing  indicated  that  the  humidity  control  exceeded  the  radiated 
emission  level  limits  imposed  by  method  RE02  of  MIL-STD-461,  Part  4  for 
transients. 

(8)  Abt^on  Cal  Humidity  Control.  The  Abbeon  Cal  model  4703-602  is 
manufacture<i  by  Lufft  of  Germany.  This  unit  indicates  the  ambient  PH  on  a  0- 
100%  PH  face  plate.  The  PH  indicator  or  pointer  is  used  as  the  switch.  Two 
additional  pointers  idilch  are  sanually  adjustable  are  used  to  open  or  close 
control  circuits  in  conjunction  with  the  PH  indicator.  The  unit  will  control 
both  a  humidifier  and  dehumidifier  within  any  range.  The  unit  does  not 
possess  a  %PH  differential.  It  is  enclosed  in  a  metal  case  6"  diameter  and 
1-1/2”  deep  with  a  glass  face  plate.  Three  screw  holes  are  provided  in  the 
flanged  metal  case  for  mounting.  The  xmlt  includes  three  screw  terminals  for 
%rire  connectlcxis  and  is  only  suitable  for  24V  i’.se. 

(')  Abbeon  Cal  Humidity  Control  -  Test  Resxilt  Sumnary.  The  initial 
controls  performance  test  indicated  that  the  unit  was  inaccurate  by 
approximately  12%  PH  ipon  reception  from  the  equipment  supplier.  The  unit  was 
recalibrated. 

This  is  the  only  humidity  control  tested  which  visibly  indicates  the 
ambient  relative  hunidity.  The  height  of  the  adjustment  knob  is  not  per  MIL- 
STOs.  The  iiKlicator  scale  is  in  increments  of  2%  PH  and  the  unit  can  be 
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easily  and  accurately  adjusted.  This  unit  is  superior  to  the  other  humidity 
ctmtrols  tested  as  far  as  human  factors  in  concerned. 

The  humidity  control  endured  the  vibration,  high  temperature  storage  and 
low  tenperature  storage  tests  with  no  apparent  damage. 

The  final  controls  performance  test  revealed  that  the  unit  was  inaccurate 
by  approximately  RH. 

EMI  testing  indicated  that  the  humidity  control  exceeded  the  radiated 
emission  level  limits  imposed  by  method  RE02  of  MlL-STD-461,  Part  4  for 
transients. 

8.  LOCATION  OF  HIMZDIFICATIOM  EQUIPMENT  AND  CONDITIONED  AIR  DISTRIBUTION 

TKBOUCHOUT  THE  SHELTER 

(1)  Dehumidifier.  In  the  proposed  humidity  control  system  the  existing 
heat  pump  will  be  used  for  all  dehumidification  requirements.  The  heat  pump 
will  remain  as  originally  installed  in  the  service  shelter  with  its  discharge 
air  distributed  throughout  the  shelter  by  the  existing  duct  work.  Condensate 
will  drain  to  the  outside  throuq^  existing  drain  tubing. 

(2)  Humidil:ier  and  Water  Storage  Tank.  The  exact  location  of  the 
humidification  equipment  within  the  shelter  has  not  been  determined. 

Generally,  in  order  for  a  gravity  feed  water  system  to  operate,  the  source  of 
water  must  be  located  above  recipient  equipment.  The  available  space  in  the 
service  shelter  Is  very  limited  with  the  floor  to  ceiling  distance  being  eight 
feet.  The  water  storage  tank  must  be  located  as  close  to  the  ceiling  as 
possible  while  still  allowing  access  to  the  tank  top  for  refilling.  Mounting 
the  tank  bottom  approximately  22  ixu±es  from  the  ceiling  should  provide 
adequate  access.  To  (^tain  a  miniital  Inlet  pressure,  the  humidifier  should  be 
located  as  low  In  the  shelter  as  possible  and  directly  beneath  the  storage 
tank.  Floor  mounting  the  humidifier  will  provide  for  just  over  2  psi  inlet 
water  pressure  to  the  unit.  Drain  tubing  must  be  provided  to  the  humidifier 
for  overflow  protection  and  the  drain/flush  cycle  as  required. 

Distribution  of  steam  within  the  shelter  will  be  accomplished  with  the 
humidifier's  Internal  blower.  The  blower  will  discharge  into  free  space. 
Ideally,  xise  of  the  existing  duct  system  with  the  heat  pump  blower  would 
provide  the  best  distribution,  but  potential  problems  associated  with  use  of 
the  duct  work  eliminated  it  from  cwisideration.  Dumping  steam  into  the  heat 
pump  discharge  duct  would  allow  condensate  accumulation  inside  the  duct  when 
both  cooling  and  humidification  are  required  sixoultaneously.  This  is 
obviously  unacceptable  as  water  would  drip  uncontrollably  over  equipment  and 
personnel.  Introducing  steam  into  the  heat  pump  intake  duct  would  greatly 
reduce  humidification  capacity  and  increase  the  latent  cooling  load  of  the 
heat  pump.  It  is  believed  that  distributing  steam  with  a  separate  blower  is 
the  only  viable  alternative. 

Care  must  be  taken  when  locating  and  orienting  the  humidifier  blower. 
Obstacles  in  the  blower  discharge  area  will  provide  surfaces  on  which 
condensate  nay  accumulate.  As  an  example,  Dri  Steem  recommends  that  no  solid 


objects  be  within  four  feet  from  the  ^M2  discharge  horizontally  (assuming  40t 
BH)  and  no  solid  object  should  be  within  three  feet  of  the  discharge 
vertically.  The  discharged  steam  should  be  directed  down  the  length  of  the 
service  shelter.  Discharging  steam  into  the  aisle  may  result  in  an 
uncomfortable  situation  for  personnel. 

(3)  Humidity  Controls  and  Alarm  Lamps.  The  humidity  controls  for  the 
humidifier,  dehuMdifier,  high  humidity  alarm,  low  humidity  alarm  and  lamps 
for  high  and  low  humidity  and  low  water  storage  tank  level  should  be  located 
on  a  vertical  wall  four  to  five  feet  above  the  floor.  Humidity  controls 
should  be  placed  as  far  away  as  possible  from  the  discharge  of  the  equipmei.t 
they  control.  This  should  allow  proper  distribution  of  conditioned  air 
throughout  the  shelter  and  prevent  short  circuiting.  Optimally,  all  sensors 
and  alarm  laops  can  be  located  together  for  convenience.  A  general 
arrangement  sketch  of  the  entire  humidification  control  system  is  shown  in 
Figure  9. 


Figure  9.  General  Arrangement  of  Humidification  Control  System 


III.  CONCLUSION 


VSE  believes  it  is  technically  and  operationally  feasible  to  develop  a 
workable  humidification  control  system  using  coanercial  equipment  for 
application  in  the  Aircraft  Service  Shelter.  A  workable  system  will  include 
compromises  regarding  the  original  design  criteria  for  the  humidity  control 
system.  A  working  humidity  control  system  will  involve  significant 
modifications  to  the  proposed  connverciai  humidifier  co  be  used  and  also  some 
changes  to  existing  shelter  equipment.  However,  the  modifications  needed  are 
practical  and  will  permit  the  use  of  coanercial  equipment  for  this 
application.  Of  course,  modifying  off-the-shelf  equipment  will  necessitate 
increased  procurement  costs.  However,  the  modification  costs  would  prove 
minuscule  compared  to  the  costs  associated  with  a  full  scale  design  and 
development  program. 

The  series  of  tests  performed  on  the  evaluated  coonercial  equipment  has 
demonstrated  that  the  items  should  survive  in  a  military  environment. 

Areas  of  concern  which  may  impact  the  development  of  a  satisfactory 
humidification  control  system  are  space  required  and  the  response  time  of  the 
humidifier  equipment.  Discussions  with  the  manufacturer  of  the  proposed 
humidifier  indicate  the  manufacturer's  willingness  to  work  with  VSE  to 
overcome  the  space  and  response  problems.  The  manufacturer  has  proposed 
modifications  to  their  equipment  which  would  comply  with  our  requirements. 
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IV.  RECOtflENDATION 


1.  GENERAL 

It  is  recoirroended  that  the  following  major  components  be  used  to  coirprise 
the  Aircraft  Service  Shelter  humidification  control  system: 

o  Existing  shelter  heat  pump,  modified  as  required,  to  provide  for 
shelter  dehumidification  requirements. 

o  Dri  Steem  humidifier  model  VM2,  modified  as  required,  to  provide  for 
shelter  humidification  requirements  (Figirre  10). 

o  Honeywell  humidistats  models  H46C  and  H46D  to  provide  control  for  the 
dehumidification  and  humidification  equipment  respectively  (Figure  11). 

o  Abbeon  Cal  humidistat  model  4703-602  to  provide  continuous  indication 
of  shelter  ambient  relative  humidity  and  to  provide  for  high  and  low 
relative  humidity  condition  alarm  (Figure  12). 

2.  EQUIPMENT  MODIFICATIONS 

(1)  Dehumidification.  The  existing  heat  pump  would  be  modified  as 
discussed  in  part  4,  paragraph  (3)  of  Section  II.  Level  I  drawings  have  been 
provided  under  this  task  which  depict  electrical  modifications  to  the  24V  heat 
IHimp  control  circuitry  and  to  the  thermostat  printed  circuit  board.  During 
the  developmental  jrfiase  of  this  project,  consideration  must  be  given  to  the 
heat  punq?  input  power  lines.  The  proposed  modifications  will  require  input 
currents  approximately  29%  higher  than  present  needs.  The  power  supply  system 
must  be  capable  of  carrying  the  Increased  current. 

(2)  HuMdification.  The  Dri  Steem  humidifier  must  be  modified  to  comply 
with  the  27"  height  x  17*  width  x  23"  depth  requirejaent.  Excess  space  does 
exist  within  the  cabinet  of  the  humidifier.  Dri  Steem  Humidifier  Company 
personnel  have  proposed  fabricating  an  entirely  new  cabinet.  The  new  cabinet 
would  be  composed  of  an  aluminum  angle  frame  with  aluminum  panels.  The  new 
cabinet  can  be  fabricated  to  comply  with  the  27"  x  17"  x  23"  space  envelope. 

The  humidifier  response  time  must  be  improved.  The  lag  time  from  initial 
unit  start  to  steam  emission  and  the  lag  time  during  and  following  the 
refill  mode  is  significant.  Dri  Steem  personnel  have  suggested  modifications 
which  %ri.ll  decrease  the  non  steam  emitting  periods.  The  initial  heating 
period  during  unit  start  up  can  be  reduced  by  decreasing  the  volume  of  water 
in  the  evaporator  chamber.  This  can  be  accomplished  by  extending  the  three 
conductivity  probes  deeper  into  the  chamber.  Less  water  would  be  needed  to 
fill  the  chamber.  The  skimiaing  port  would  also  be  lowered  accordingly.  The 
lag  time  during  and  following  the  refill  mode  can  be  reduced  by  allowing  the 
resistance  heater  to  remain  "ON"  during  refill.  This  can  be  accomplished  by 
rewiring  such  that  the  cycling  fill  valve  circuit  is  divorced  from  the  low 
water  protection  circuit.  The  evaporator  chamber  itself  would  complete  the 
lower  water  protection  circuit  as  opposed  to  one  of  the  three  conductivity 


sensor  probes.  Itie  first  and  second  probes  would  cycle  the  fill  valve  as 
necessary  «^ile  the  third  probe  and  the  evaporator  chan^r  would  de-energize 
the  heating  element  at  low  water  level.  The  proposed  circuitry  is  currently 
used  on  other  model  humidifiers  manufactured  by  Dri  Steem.  Dri  Stean  has 
proposed  to  change  the  current  1/4"  solenoid  fill  valve  to  a  1/2"  solenoid 
valve.  The  larger  port  will  increase  the  flow  rate  from  the  gravity  fed  water 
supply. 

Human  factors  consicerations  may  require  that  the  exposed  steam 
distribution  tube  be  guarded  to  reduce  the  bum  hazard.  Since  a  new  cabinet 
is  proposed,  handles  for  proper  lifting  could  easily  be  incorporated.  The 
humidifier  annunciating  lights  are  not  provided  in  the  colors  dictated  by  MIL- 
STDs.  The  light  colors  can  be  easily  changed. 

The  unit  exceeded  the  OH  limits  for  transients.  Zt  is  not  recommended 
that  the  humidifier  be  modified  to  eliminate  the  transient  spikes  since  the 
spike  durations  are  only  a  fraction  of  a  second. 

The  humidifier  24V  control  circuitry  would  be  modified  to  provide  power  ro 
the  extreme  HH  alarm  lamps  and  to  the  water  storage  tank  low  level  alarm  lamp. 
These  lamps  require  very  low  currents  and  should  not  adversely  impact 
humidifier  operation. 

It  is  recotmended  that  the  slide  mounted  evaporator  chamber  be  packaged 
such  that  the  diamber  cannot  contact  the  front  a^  back  panels  during 
transportation. 

(3)  Humidity  Controls.,  No  modifications  are  necessary  to  the  humidity 
controls  selected  for  use.  However,  all  humidity  controls  should  be 
recalibrated  prior  to  installation  in  the  shelter.  The  allowable  relative 
humidity  extremes  are  35t  and  55t.  Below  35t  and  above  55t  alarm  lamps  will 
annunciate.  IXie  to  the  apparent  lag  time  for  the  Abbeon  Cal  humidistat  on 
falling  RH,  it  is  recommended  the  alarm  set  points  be  40t  and  55t.  The 
Honeywell  humidistat  set  points  must  be  within  this  range. 

3.  EQUIPMENT  MAINTENMiCE 

The  humidity  controls  are  maintenance  free.  No  additional  maintenance 
will  be  required  for  the  heat  pump/dehumidifier  (other  than  maintenance 
presently  required). 

Maintenance  will  be  necessary  for  the  humidifier.  The  amount  of 
maintenance  will  be  directly  related  to  the  hardness  of  the  supply  water.  It 
is  recommended  that  chemical  additives  be  used  as  required  to  inpede  the 
formation  of  a  hard  mineral,  scale  on  the  humidifier  internals.  Oakite  Enprox 
355NC  or  an  equivalent  polyphosphate  should  be  adequate  for  this  purpose.  The 
remaining  sludge  residue  must  be  periodically  flushed  from  the  evaporator 
chamloer  before  the  sludge  accumulates  to  the  level  of  the  heating  element. 

The  Dri  Steem  automatic  surface  water  skimning  feature  and  the  automatic  flush 
cycle  probably  will  not  be  adequate  to  remove  the  sludge.  The  gravity  fill 
arrangemeiit  will  not  provide  pressure  with  which  to  agitate  sediments  in  the 
evaporator  chamber  and  drain  them  away. 
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Should  problems  with  bacteria  arise  in  the  water  storage  tank  and  the 
water  supply  tubing,  it  is  recommended  that  a  biocide  additive  such  as  Oakite 
Biocide  20  be  used  for  eliminating  the  microorganisms. 

4.  DEVELOPMENTAL  WD3K  REQUIRED 

Work  remaining  to  arrive  at  a  complete  and  operationally  suitable 
humidification  control  system  involves  determining  the  exact  interfaces  of  the 
system  and  the  shelter.  The  interfaces  and  final  equipment  used  should  be 
documented  with  level  2  drawings.  The  op>erational  suitability  should  be 
demonstrated  by  outfitting  one  or  more  Aircraft  Service  Shelters  with  the 
humidification  control  system  and  operating  for  a  period  of  time  under  various 
ambient  conditions  requiring  humidification  and  dehumidification. 
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SUMMARY 


The  purpose  of  this  report  is  to  present  findings  resulting  from  a  market  survey 
to  select  commercially-available  humidity  control  equipment  (humidifier, 
dehumidifier  and  humidity  controls)  for  installation  in  the  U.S.  Air  Fores  service 
shelter,  which  is  an  integral  part  of  the  F-16  maintenance  complex.  The  humidity 
control  system  is  necessary  to  control  the  humidity  at  48%  ±  8%  required  by 
sensitive  equipment  located  in  the  service  shelter.  Initially,  a  list  of  107  potential 
manufacturer's  or  their  representatives  was  compiled  from  available  industrial 
catalogues  and  directories.  A  survey  tetter  requesting  technical,  cost  and  delivery 
information  about  their  product  was  sent  to  each  of  the  listed  manufacturers.  Out 
of  the  107  solicitations  sent,  33  (about  31%)  responded  -  27  provided  technical  data 
and  6  could  not  meet  the  requirements. 

An  evaluation  of  the  data  received  indicated  that  three  types  of  humidifiers 
(wetted  element,  atomization,  and  steam  generation),  two  types  of  dehumidifiers 
(refrigeration  and  desiccant  impregnated  element)  and  various  types  of  humidity 
controls  with  sensing  elements  ranging  from  nylon  or  human  hair  to  state-of-the- 
art  electro-optics  were  available.  However,  out  of  the  three  types  of  humidifiers 
available,  only  one  out  of  ten  of  the  atomization  type  evaluated  and  two  out  of 
nine  of  the  steam  generation  type  evaluated  were  selected  for  further  evaluation 
and  study.  The  wetted  element  was  not  chosen  because  it  would  require  an 
auxiliary  heating  unit  that  would  be  too  large  for  the  allocated  service  shelter 
space.  Both  types  of  dehumidifiers  were  excluded  from  further  evaluation  because 
tfie  size  required  would  be  too  large  to  fit  into  the  allocated  service  shelter  space 
and  because  the  existing  sheKer  environmental  control  unit  (heat  pump)  is  capable 
of  being  modified  to  provide  the  necessary  dehumidification  by  rewiring  the  units 
control  circuitry  to  allow  dehumidification  operation  when  thermostat  is  satisfied. 
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Four  of  12  humidity  controls  evaluated  were  selected  for  further  evaluation  and 
study.  All  use  nylon  sensing  elements  and  were  chosen  because  they  had  the 
required  characteristics  and  were  relatively  inexpensive  compared  to  other  types  of 
humidistats. 

Thus,  the  single  atomization-type  humidifier,  two  steam  generation-type 
humidifiers,  and  four  humidity  controls  will  be  procured  for  further  evaluation  and 
testing.  The  existing  heat  pump  will  be  evaluated  to  determine  what  modifications 
are  necessary,  and  be  tested  after  incorporation  of  the  modifications. 
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This  market  survey  report  was  prepared  under  Contract  No,  DAAK70-86-D- 
0023,  Task  Order  No.  0024,  for  the  Belvoir  Research,  Development  and  Engineering 
Center  (BRDEC),  Fort  Belvoir,  Virginia.  Mr.  Robert  A.  Rhodes  served  as  the  BRDEC 
contracting  officers  technical  representative  at  (703)  664-5031. 

The  market  survey  effort  was  part  of  the  total  humidity  control  work  and 
services  to  be  provided  under  Task  Order  No.  0024.  The  required  effort  contained  in 
the  task  order  statement  of  work  is  quoted  below. 

“Perform  a  market  survey  of  commercial  equipment  such  as  humidity 
controls,  humidifying  equipment  and  dehumidifiers.  From  information 
acquired  from  this  market  survey,  select  the  best  candidates  for  use  in  the 
van.  Purchase  sample  items  of  equipment  for  test  and  evaluation.” 


MARKET  SURVEY  OF 

HUMIDITY  CONTROL  EQUIPMENT  FOR  THE 
U.S.  AIR  FORCE  AIRCRAFT  SERVICE  SHELTER 

I.  INTRODUaiON 


1.  SUBJEa 

This  report  provides  information  concerning  the  market  survey  effort  to 
obtain  manufacturer's  technical  data  for  evaluation  of  commercially  available  (off- 
the-shelf)  humidity  control  equipment  for  potential  installation  in  a  U.S.  Air  Force 
Service  Shelter.  Specifically,  this  means  hurr<dity  contro'  equipment  that  would 
maintain  indoor  humidity  at  48%  ±  8%  required  by  sensitive  electronic  equipment 
located  in  the  service  shelter. 

The  selection  of  potential  humidity  control  equipment  such  as  humidity 
controls,  humidifying  equipment  and  dehumidifiers  was  based  on  the  following. 

•  Obtaining  technical  data  from  manufacturers  or  their 
representatives  about  their  off-the-shelf  humidity  control 
equipment 

•  Obtaining  manufacturer's  price  and  delivery  time  after  receipt  of 
order. 

•  Evaluation  of  data  received  to  select  potential  candidates  for 
further  evaluation. 

2.  BACKGROUND 

On  14  July  1986.  the  Tactical  Shelter  Systems  Development  Office.  HQ 
Electronics  System  Division.  Department  of  the  Air  Force  at  Hanscom  Air  Force  Base. 
Massachusetts,  through  the  Belvoir  Research,  Development  and  Engineering 
Center,  tasked  VSE  to  provide  engineering  support,  prototyping,  documentation 


and  testing  services  in  evaluating  humidity  control  equipment  for  potential  use 
within  the  U.S.  Air  Force  service  shelters.  These  12  Navy  International  Standards 
Organization  (ISO)  shelters  comprise  the  F-16  aircraft  maintenance  complex  (Figure 
1).  Eightof  the  shelters  are  arranged  In  four  groups  of  two,  which  are  designated  as 
“work  stations*.  Two  more  shelters  are  centrally  located  and  serve  as  work  bench 
equipped  corridors.  The  two  remaining  shelters  (3  and  8  in  Figure  1)  are  used  for 
maintenance  of  electronic  devices.  Because  these  two  shelters  contain  equipment 
and  processes  that  are  humidity  sensitive,  humidity  within  the  shelters  must  be 
controlled.  Currently,  heating  and  cooling  in  each  shelter  are  provided  by  a 
nominal  3-ton  heat  pump. 


Heat  -Pump 
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NOTE:  Nos.  3  and  8  are  maintenance  shelters  requiring  humidity  control. 
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Figure  1.  F-16  Maintenance  Complex 
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II.  DISCUSSION 


1.  MARKET  SEARCH  FOR  HUMIDITY  CONTROL  EQUIPMENT  CANDIDATES 
Initially,  the  following  documents  were  searched  to  compile  a  list  of  potential 

humidity  control  manufacturers  to  be  surveyed. 

•  American  Sodety  of  Heating.  Refrigerating  and  Air  Conditioning 
Engineers  (ASHRAE).  1979  Equipment  VoFume. 

•  American  Refrigeration  institute  (ARI)  Unitary  Directory  dated 
July  1  -  December  31. 1985. 

•  Thomas  Register  of  American  Manufacturers  dated  1986. 

A  list  of  107  potential  manufacturers  or  representatives  was  compiled 
(Appendix  A).  The  survey  letter  (Appendix  B)  requesting  information  about  their 
product  was  then  sent  to  each  of  these  manufacturer's  or  representatives.  Out  of 
the  107  solicitated.  33  (about  31%)  responded.  Twenty-seven  provided  technical 
literature  about  their  humidity  control  equipment  candidates  while  the  remaining 
six  stated  they  could  not  meet  the  requirements.  No  responses  were  received  from 
the  remainder.  A  brief  summation  of  the  technical  information  received  from  27 
manufacturers  about  their  humidifiers,  dehumidifiers,  and  humidity  controls  is 
presented  in  Appendix  C.  D.  and  E,  respectively.  Results  of  the  investigation  are 
presented  in  Section  III. 

2.  SELECTION  OF  HUMIDITY  CONTROL  EQUIPMENT  CANDIDATES  FOR  FURTHER 
EVALUATION 

a.  Criteria  for  evaluating  candidates.  The  criteria  listed  below  were 
provided  by  the  Tactical  Shelter  Systems  Development  Office.  Hanscom  Air  Force 
Base,  for  evaluating  the  off-the-shelf  humidity  control  equipment.  The  humidity 
control  system  must: 
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•  Have  separate  humidification  and  dehumidification  modes  of 
operation. 

•  Have  high/low  humidity  alarm  lamps  with  adjustable  settings. 

•  Create  and  maintain  a  stable  environment  of  48%  ±  8%  relative 
humidity  within  4  hours  after  activation  within  an  8  X  8  X  20  foot 
shelter  or  1,280  cubic  feet  of  interior  space. 

•  Not  exceed,  dimensional  envelope  of  17  inch  width  by  27  inch 
height  by  23  inch  depth  and  be  provided  with  rack  adapters  for 
mounting  in  standard  19-inch  racks.  Must  also  be  capable  of  floor 
mounting. 

e  Be  powered  by  120  vac  ±  10%,  single  phase,  50/60  Hz  electric 
power.  Must  be  fully  efficient  at  50  Hz. 

•  Have  a  filtered  air  inlet  with  a  removable/washable  filter  element 

e  Have  an  adjustable,  direct  reading  humidistat. 

•  Have  a  self-contained  water  storage  tank  with  low  water  alarm, 
sufficient  in  size  to  sustain  a  minimum  of  8  hours  of  humidification 
at  rated  capacity. 

In  conjunction  with  design,  capacity,  size  and  electrical  characteristics,  cost  was 
used  to  evaluate  potential  equipment  candidates. 

b.  Humidifier  candidates.  Review  of  the  manufacturer's  technical 
information  received  indicated  that  three  basic  types  of  humidification  equipment 
(Figure  2)  were  available: 

•  Wetted  Element 

•  Atomization 

•  Steam  Generation  (Heated  Pan) 


Of  these  three  types,  atomization  and  steam  generation  seemed  to  be  the  most 
promising,  as  indicated  in  the  following  description  and  evaluation  of  each  type. 

(1)  Description 

(a)  Wetted  element  humidifiers.  As  shown  in  Figure  2.  the  wetted 
element  humidifier  uses  a  wetted  media  through  or  over  which  air  is  circulated  to 
evaporate  water. 

Wetted  element  humidifier  capacities  are  greatly  dependent  upon  conditions  of  the 
surrounding  air  or  water  supply.  For  evaporation  to  occur  at  an  appreciable  rate,  in 
a  wetted  element  humidifier,  either  the  supply  water  or  forced  air  must  be  heated 
to  an  elevated  temperature.  Elements  generally  employ  materials  that  have  a  high 
surface  area  for  a  given  volume  and  are  configured  to  facilitate  evaporation  in  a 
forced  air  stream.  Common  off-the-shelf  designs  for  wetting  the  element  surface 
include  supplying  water  continuously  to  the  top  of  an  element  pad.  The  water  is 
then  evenly  dispersed  along  the  length  and  width  of  the  element.  Supply  water 
then  trickles  down  the  element  by  gravity  while  coming  in  contact  with  the  forced 
air.  Water  that  is  not  evaporated  helps  to  flush  minerals  through  the  system  drain. 
A  buildup  of  minerals  in  the  media  is  one  drawback  of  this  type  of  humidifier.  It 
generally  also  has  to  be  quite  large  to  provide  enough  wetted  surface  for  the 
required  capacity.  Another  off-the-shelf  wetted  element  design  uses  an  electric 
motor  to  slowly  rotate  a  cylindrical  element  through  a  water  pan  and  into  the 
forced  air  stream. 

(b)  Atomization  humidifiers.  Atomization  humidifiers  are  not 
dependent  on  the  temperature  conditions  of  the  surrounding  air  or  water  supply 
like  the  wetted  element  humidifiers.  Most  of  the  off-the-shelf  designs  use  the 
centrifugal  force  of  a  rotating  disc  (Figure  2}  to  distribute  a  water  film  evenly  on  the 
disc  edge.  Water  then  leaves  the  rotating  disc  edge  and  impacts  a  grille  which 
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WATER 


ATOMIZATION  TYPES 


STEAM  GENERATION  (HEATED  PAN)  TYPE 
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NOTE:  Any  of  the  above  types  may  have  fans  to  distribute  the  moisture. 


Figure  2.  Humidifier  Types 
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brtaksthe  water  up  into  small  droplets.  These  water  droplets  are  entrained  into  an 
air  stream  generated  by  an  internal  blower,  and  the  air  stream  then  distributes  the 
droplets  throughout  the  conditioned  space.  Inherently  a  rotating  disc  will 
distribute  moisture  in  a  360°  spread.  The  discharge  can  be  blanked  off  to  provide  a 
discharge  spread,  as  required,  to  avoid  nearby  obstructions..  Other  off-the-shelf 
designs  rely  on  high  pressure  water  supplied  to  a  nozzle  (Figure  2)  which  disperses 
the  water  droplets  throughout  the  conditioned  space.  Another  off-the-shelf  design 
is  an  ultrasonic  atomizer  which  involves  flowing  a  controlled  amount  of  water  over 
a  surface  which  is  vibrated  at  a  high  frequency.  The  vibrations  produce  capillary 
waves  in  the  water.  Finely  atomized  droplets  are  sheared  off  the  wave  peaks  and 
are  then  projected  a  short  distance  before  falling  due  to  gravity  or  are  entrained  in 
the  air  stream  of  an  internal  blower.  All  atomizing  units  have  the  inherent 
potential  of  "dusting”  the  humidified  space,  i.e.,  hard  water  or  water  containing  a 
high  concentration  of  calcium  or  magnesium  salts  in  solution  will  dust  (precipitate) 
these  talcum  fine  minerals  over  all  equipment  within  the  conditioned  space. 
Deposits  will  also  form  on  the  internals  of  the  humidification  equipment  itself. 
Proximity  of  the  mist  spray  to  surfaces  within  the  conditioned  space  is  critical  since 
improper  location  may  cause  moisture  accumulation  on  nearby  equipment. 
Atomizers  which  make  use  of  water  reservoirs  possess  the  potential  for  growth  of 
biological  organisms.  Atomizers,  as  well  as  wetted  element  types,  inherently  will 
remove  sensible  heat  from  the  conditioned  air  space  through  the  evaporative 
cooling  effect.  Approximately  1000  BTU  is  absorbed  per  pound  of  water 
evaporated. 

(c)  Steam  generation  humidifiers.  Steam  generation  humidifiers  are 
also  not  deperudent  on  the  temperature  conditions  of  the  surrounding  air  or  water 
supply  like  the  wetted  element  humidifiers.  The  off-the-shelf  design  uses  electric 
heating  elements  in  a  water  reservoir.  This  heated  pan  design  (Figure  2)  eliminates 
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the  dusting  drawback  of  atomizer  humidifiers  since  generated  steam  is  mineral 
free.  However,  minerals  in  hard  water  must  precipitate  somewhere  and  for  steam 
generators  this  is  a  lime  formation  (calcium  and  magnesium  salts)  on  the  sides  of  the 
water  resen/oir,  heating  elements  and  float  valves.  This  scaling  tendency  indicates 
that  steam  generation  requires  comparatively  high  maintenance.  Steam  generators 
inherently  add  heat  to  the  conditioned  space  during  their  operation,  though 
experience  shows  that  this  heat  is  not  significantly  more  than  the  latent  heat  of 
vaporization. 

(2)  Evaluation.  All  three  of  the  humidifier  designs  have  shortcomings  as  to 
shelter  application.  However,  only  in  wetted  element  humidifiers  is  this  a 
significant  drawback. 

(a)  Wetted  element  humidifiers.  Wetted  element  humidifiers  require 
the  use  of  heated  supply  air  or  water  for  efficient  operation.  Most  of  the  off-the- 
shelf  humidifiers  were  designed  for  installation  in  the  hot  air  duct  of  a  house 
furnace  where  a  ready  supply  of  hot  air  (about  120“^  is  available  for  accelerating 
the  evaporation  process.  Other  off-the-shelf  humidifiers  are  intended  for  industrial 
use  where  supply  water  heated  up  to  140*’F  is  already  available.  Neither  heated  air 
nor  water  at  higher  temperatures  is  available  in  the  service  shelter.  An  auxiliary 
unit  to  heat  the  water  or  air  would  have  to  be  installed.  The  heating  unit  would  be 
an  unnecessary  system  complication  and  would  require  additional  space,  in 
addition,  the  wetted  media  retains  minerals  from  the  water  and  may  rapidly 
accumulate  a  buildup  which  would  block  air  flow.  Therefore,  the  wetted  element 
humidifier  was  eliminated  as  a  candidate  for  further  analysis  and  testing.  Other 
details  about  wetted  element  humidifiers  are  presented  in  Appendix  C. 

(b)  Atomization  humidifiers.  Atomization  humidifier  equipment  may 
require  significant  maintenance  due  to  calcium  or  magnesium  salt  depositing  in  the 
reservoir.  This  maintenance  will  be  less  frequent  than  for  steam  generation 
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humidifiers  due  to  the  atomization  humidifier  nonmineral  concentrating  design. 
However,  additional  maintenance  may  be  required  for  other  equipment  located  in 
the  conditioned  space  within  the  shelters  due  to  "dusting*  (mineral  deposit). 
Scaling  can  be  reduced  by  neutralizing  or  removing  mineral  ions  in  the  supply 
water.  This  may  be  accomplished  by  chemical  additives  or  use  of  a  demineralizer. 
However,  water  treatment  methods  would  merely  slow  the  scaling  process.  The  size 
of  the  water  treatment  equipment  may  preclude  their  use.  The  simplest  solution  to 
reduce  scaling  would  be  to  use  distilled  or  demineralized  supply  water.  However, 
this  "pure*  water  may  not  be  available  at  all  military  locations.  Internal  scaling  can 
be  removed  by  saaping  off  excess  deposits  followed  by  an  acid  bath.  The  frequency 
of  cleaning  would  depend  on  the  hardness  of  the  supply  water,  which  will  vary  from 
location  to  location.  Mineral  deposits  due  to  "dusting*  may  be  reduced  by 
installing  a  filter-eliminator,  which  would  have  to  be  cleaned  or  replaced 
periodically.  Atomizer  shortcomings  do  not  eliminate  further  evaluation  of  this 
type  of  humidifier  for  use  in  the  service  shelter.  Alternate  water  treatments  would 
be  evaluated  to  determine  whether  internal  scale  cleaning  can  be  eliminated  or 
periods  between  scale  removal  could  be  lengthened.  As  noted  in  Appendix  C,  10 
off-the-shelf  candidates  were  evaluated  as  to  capacity,  size,  and  electrical  power 
requirements.  Nine  candidates  were  rejected  as  noted  under  the  "Remarks" 
column.  Information  about  the  candidates  not  rejected  is  also  contained  under  the 
"Remarks*  column.  The  single  candidate  selected  for  further  evaluation  and 
testing  is  presented  in  Table  1. 

(c)  Steam  generation  humidifiers.  Steam  generation  humidifiers  will 
require  relatively  high  maintenance  due  to  calcium  or  magnesium  salt  depositing  on 
the  inside  of  the  equipment  Most  steam  generators  combat  scaling  by  periodically 
self-flushing.  Rushing  is  initiated  by  a  preset  internal  timer,  which  opens  a  solenoid 
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operated  drain  valve.  Other  measures  used  to  combat  scaling  indude  chemically 
treating  supply  water  or  installing  a  demineralizer.  As  in  the  atomizer  humidifier, 
preliminary  demineralizer  investigation  indicates  that  equipment  of  appredable 
size  would  be  needed.  Both  these  water  treatment  methods  would  merely  slow  the 
scaling  process.  The  size  of  the  water  pre-treatment  equipment  may  preclude  their 
use.  The  simplest  solution  to  reduce  scaling  would  be  to  use  distilled  or 
demineralized  supply  water.  However,  this  "pure*  water  may  not  b;  available  at  all 
military  locations.  Regardless  of  the  method  used,  evaporation  pans  and  heating 
elements  would  have  to  be  cleaned  periodically.  Scaling  would  be  removed  by 
scraping  off  excess  deposits  followed  by  an  acid  bath.  The  frequency  of  cleaning 
would  depend  on  the  hardness  of  the  supply  water,  which  will  vary  from  location  to 
location.  As  in  the  case  of  the  atomization  humidifiers,  this  shortcoming  does  not 
eliminate  using  and  further  evaluating  steam  generation  humidifiers  for  use  in  the 
service  shelter.  Alternate  water  treatments  will  be  evaluated  if  treated  water  is 
deemed  necessary  for  application.  As  noted  in  Appendix  C,  10  off-the-shelf 
candidates  were  evaluated  as  to  capacity,  size,  and  electrical  power  requirements. 
Eight  candidates  were  rejected  as  noted  under  the  'Remarks*  column.  The  two 
candidates  selected  for  further  evaluation  are  presented  in  Table  1. 

c  Dehumidifier  candidates.  Review  of  the  manufacturer's  technical 
information  received  indicated  that  two  types  of  off-the-shelf  dehumidifiers  were 
available: 

•  Refrigeration 

•  Desiccant  Impregnated  Element 

However,  as  indicated  in  Appendix  A,  all  of  the  available  candidates,  in  order  to 
produce  the  required  dehumidification,  would  be  very  large.  Most  of  the  space 
allocated  in  the  service  shelter  would  already  be  occupied  by  the  humidifier. 
Indications  are  that  the  dehumidification  requirement  of  5.43  Ib/hr  can  be  met  with 


tht  txisting  environmental  control  unit  (£CU).  Results  of  ECU  capacity  tests 
presented  in  Report  No.  466303  rendered  to  U.S.  Army  MERADCOM.  Tests  of  a 
Model  ECU  36  HP  36000  BTU/HR.  208/230  volts.  60  Hz,  3  phase  Heat  Pump  in 
Accordance  with  ASHRAE  Standard  37-1978.  dated  27  December  1984,  indicate  a 
latent  cooling  capacity  of  9350  BTUH.  The  heat  pump  tested  (fabricated  by  ECU  Inc.) 
did  not  contain  the  identical  compressor  as  the  heat  pump  (fabricated  by  ARE 
Manufacturing  Co.)  deployed  in  the  aircraft  service  shelter,  however,  it  is  believed 
test  results  would  be  similar.  The  9350  BTUH  capacity  equates  to  a  dehumidification 
capability  of  approximately  9  Ib/hr  which  is  almost  twice  that  required  by  the  service 
shelter.  Ambient  test  conditions  of  SO^F  and  51%  RH  approximate  the  service 
shelter's  design  condition,  it  appears  that  minor  modifications  to  the  control 
circuitry  of  the  ECU  would  provide  the  required  dehumidification.  Since  the  ECU  is  a 
heat  pump  with  electrical  booster  heaters,  dehumidification  in  the  temperature 
comfort  range  ambients  can  be  readily  achieved  by  operating  heat  pump  in  cooling 
mode  with  booster  heaters  operating  simultaneously.  By  modifying  the  existing 
ECU  to  provide  controlled  dehumidification  and  eliminating  the  need  for  a  separate 
dehumidifier,  cost  savings  in  both  materials  and  labor  would  results.  Other  benefits 
would  produce  savings  in  servidng,  space,  weight  and  handling. 

d.  Humidity  controls.  Review  of  the  manufacturer's  technical  information 
received  indicates  that  a  wide  variety  of  humidity  controls  are  available.  Sensing 
elements  used  in  the  controls  varied  from  nylon  or  human  hair  to  state-of-the-art 
electro-optics.  The  more  conventional  controls  used  hygroscopic  materials  which 
expand  or  contract  with  humidity  changes.  The  expansion  or  contraction,  in  turn, 
mechanically  opens  or  doses  a  set  of  electrical  contacts.  Currently,  the  industrial 
trend  is  toward  using  the  less  expensive  nylon  as  the  sensing  element.  Nylon  has  a 
reputation  for  good  precision,  but  manufacturing  techniques  may  not  produce 
consistent  accuracy.  Therefore,  it  may  be  necessary  to  calibrate  each  control  upon 
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receipt  Solid  state  controls  use  sensors  that  detect  changes  in  electrical  resistance 
and  are  relatively  expensive.  Electro-optic  controls  use  a  photosensor  to  detect 
moisture  formation  on  a  chilled  mirror.  Dew  point  changes  are  interpreted  by  a 
microprocessor  which  then  sends  signals  to  a  humidifier,  dehumidifier  or  other 
similar  equipment.  Consideration  must  be  given  to  the  internal  switch  mechanism 
of  the  controls,  which  must  have  the  ability  to  operate  both  the  humidifier  and 
dehumidifier  with  a  dead  band  between  the  two  control  points.  However,  it  may 
prove  to  be  less  expensive  to  install  two  separate  controls,  one  for  humidification 
.and  one  for  dehumidification.  Controls  are  available  for  either  low  or  line  voltage. 
As  noted  in  Appendix  D,  12  off-the-shelf  candidates  were  evaluated.  Eight 
candidates  were  rejected  as  noted  under  the  "Remarks”  column.  The  four 
candidates  selected  for  further  evaluation  are  presented  in  Tpble  2. 


Table  2.  Humidity  Controls  Recommended  for  Testing  (Cont'd) 


III.  CONCLUSIONS 


The  market  survey  and  subsequent  evaluation  of  the  off-the-shelf  humidity 
control  equipment  resulted  in  the  following  conclusions  about  the  humidifier, 
dehumidifier  and  humidity  control  equipment. 

1.  HUMIDIFIER  EQUIPMENT 

Of  the  three  types  of  humidifier  equipment  available  (wetted  element, 
atomization  and  steam  generation),  the  atomization  and  steam  generation  type 
have  the  potential  of  providing  the  humidification  required  by  the  service  shelter. 
One  of  the  nine  atomization  type  evaluated  and  two  of  the  ten  steam  generation 
type  evaluated  were  chosen  as  candidates  (see  Table  1)  for  further  evaluation  and 
testing  because  they  closely  approximate  requirements  specified  by  the 
government  The  five  wetted  element  types  were  excluded  from  further  evaluation 
because  the  size  of  an  auxiliary  unit  needed  to  heat  incoming  air  or  supply  water 
would  be  too  large  to  fit  into  the  allocated  service  shelter  space. 

2.  DEHUMIOIFIER  EQUIPMENT 

Both  types  of  dehumidifiers  available  (refrigeration  and  desiccant 
impregnated  element)  were  excluded  from  further  evaluation  and  testing. 
Exclusion  was  based  on  the  fact  that  the  size  required  would  be  too  large  xo  fit  into 
the  allocated  service  shelter  space.  In  lieu  of  using  an  auxiliary  dehumidifier,  results 
of  a  preliminary  investigation  indicate  ^at  the  existing  ECU  with  modified  controls 
is  capable  of  providing  the  dehumidification  required. 

3.  HUMIDITY  CONTROLS 

Of  the  various  types  of  humidity  controls  available  with  sensing  elements 
ranging  from  nylon  or  human  hair  to  state-of-the-art  electro-optics,  the  most 
‘  promising  candidates  (see  Table  2)  are  four  with  nylon  sensing  elements. 
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tv.  RECOMMENDATIONS 


It  is  recommended  that  the  three  atomization  and  the  two  steam  generation 
humidifiers  in  Table  1  be  procured,  evaluated  and  tested  for  use  in  the  Air  Force 
service  shelter  to  determine  which  candidate  could  best  provide  the  required 
humidification.  Additionally,  it  is  recommended  that  the  four  humidity  controls  in 
Table  2  be  procured,  evaluated  and  tested.  However,  procurement  of  dehumidifiers 
for  further  evaluation  and  testing  is  not  recommended  because  the  existing  ECU 
(heat  pump)  can  provide  the  necessary  dehumidification.  Therefore,  it  is  also 
recommended  that  the  ECU  be  evaluated  to  determine  what  modifications  are 
necessary  for  its  use  as  a  dehumidifier  and  that  it  be  tested  following  the 
modification. 


APPENDIX  A 

LIST  OF  107  PROSPECTIVE  MANUFACTURERS  CONTACTED 


1.  Airflow  Co. 

295th  BailesLn. 

Frederick,  MD  21701 

2.  American  Hofer  Sub.  of  Kahn  & 
Co.,  Inc. 

Goff  &  Wells  Roads 
Wethersfield,  a  06109 

*3.  Bamebey-Cheney  Co 
P.O.  Box  2526 
Columbus,  OH  43216 

4.  Bry-Air,  Inc 
P.O.  Box  269 
Sunbury,OH  43074 

*5.  Cargocaire  Engineering 
CorpVCraig 
Bill  Kennedy 
6  Chestnut  Street 
Amesbury,  MA  01913 

6.  Airtek  Division 

Compressed  Air  Components 
757  E.  Ferry  Street 
Buffalo,  NY  14211 

*7.  Di7omatic,  Div.  of  Airflow  Co. 
Airport  Industrial  Center 
Gaithersburg,  MD  20879 

8.  Eagle  Chemical  Co.,  Inc 
P.O.  Box  107 
Mobile,  AL  36601 

*9.  Electro  Impulse,  Inc 
116  Chestnut  Street 
Red  Bank,  NJ  07701 

*  10.  General  Cable  Cofp., 

Apparatus  Div. 

500  W.  Putnam  Avenue 
Greenwich,  CT  06830 

11.  Kahn  &  Co. 

Goff  &  Wells  Roads 
Wethersfield,  a  06109 

12.  Kathabar  Systems  Ross  Air 
Sys.  Div. 

20600  Chagrin  Blvd. 

Cleveland,  OH  44122 


13.  Lectrodryer  Div., 

Ajax  Magnethermic  Corp. 
Overland  at  Larchmont 
Warren,  OH  44482 

14.  MclntireCo. 

33  River  Street 
Thomaston.CT  06787 

*15.  Niagara  Blower  Co. 

673  Ontario  Street 
Buffalo,  NY  14207 

*16.  Pall  Corporation  Pneumatics 
Prod.  Corp. 

TonyQuilon 

4647  Southwest  39th  Ave. 
Ocala.  FL  32674 

17.  RainvilleCo.,  Inc. 

200  Clay  Avenue 
P.O.  Box  640 
Middlesex,  NJ 

*18.  Tate  Temco,  IncTTate 
Andale,  Inc. 

1941  Lansdowne  Road 
Baltimore,  MD  21227 

*  19.  Universal  Dynamics  Corp. 

13614  Dawson  Beach  Road,  E. 
Woodbridge,  VA  22191 

*20.  Addison  Products  Co. 

Addison,  Ml  49220 

*21.  Amana  Refrigeration,  Inc. 
Amana,  lA  52204 

*22.  Antar  Industries,  Inc 
350  5th  Ave.,  Empire 
State  Bldg. 

New  York.  NY  10118 

23.  Dayton  Electric  Mfg.  CoTW.W. 
Grainger's 

Lynn  McBride 
7400  Boston  Blvd. 

Springfield,  VA  22153 

24.  Ebco  Mfg.  Co. 

265  N.  Hamilton  Road 
Columbus,  OH  4312 


*25.  Electrohome  Ltd. 

809  Wellington  Street 
N.  Kitchner,  Onterig.  Canada 
N264J6  ^ 

26.  Fedders  Corporation 
4429  James  Place 
Melrose  Park,  I L  60160 

27.  General  Cold  Corp. 

Empire  State  Building 
New  York,  NY  10118 

28.  Heat  Controller,  Inc 
1900  Wellworth  at  Losey 
Jackson,  Ml  49203 

*29.  Kelvinator  international  Corp. 
4248  Kalamazoo  Ave.,  S.E. 
Grand  Rapids,  Ml  49508 

30.  Marlow  Industries,  Inc. 

104S1  Vista  Park  Road 
Dallas,  TX  75238 

31.  Oasis  Water  Coolers 
265  N.  Hamilton  Road 
Columbus.  OH  43213 

32.  Singer  Co.,  The  Climate 
Control  Div. 

401  Randolph  Street 
Red  Bud.  IL  62278 

33.  Valad  Electric  Heating  Co. 

161  Wildey  St.  P.O  Box  577 
Tarrytown,  NY  10591 

34.  Whirlpool  Corp.,  Commercial 
Refrigeration  Division. 

2000  U.S.  33N 

Benton  Harbor.  Ml  49022 

35.  White-Westinghouse 
Appliance  Co. 

930  Fort  Duquesne  Blvd. 
Pittsburgh,  PA  15222 

36.  Air  &  Refrigeration  Corp. 

P.O.  Box  10127 

Dallas,  TX  75207 


*37.  Abbeon  Cal,  Inc. 

Susan  Reed 
123  Gray  Avenue 
Santa  Barbara,  CA  93101 

38.  Aeronca.  Inc.,  Buensod/Agitatir 
Div. 

200  Rodney  Street 
Pineville.NC  28134 

39.  Air  Conditioning,  Inc. 

P.O.  BOX800396-TR 
Houston,  TX  77280 

40.  Air  Dynamics,  Inc. 

1918  N.  Potrero  Avenue 
P.O.  Box  3666 

South  El  Monte,  CA  91733 

41.  Air-Heet  Products 
10134  Pacific  Avenue 
Franklin  Park,  IL  60131 

*42.  Armstrong  Machine  Works 
8091  Maple  Street 
Three  Rivers,  Ml  49093 

*43.  Autoflo  Co.,  Div.  Masco  Corp. 
American  Metal  Products 
Stella 

6100  Bandini  Blvd. 

Los  Angeles,  CA  90040 

*44.  Flakt  Inc  Products  Division 

Bahnson,  Ind.  Air  Quality  Div. 
Envirotedi 
200  Lowery  Street 
Winston-Salem,  NC  27101 

45.  Bete  Fog  Nozzle,  Inc. 

324  Weils  Street 
P.O.  Box  311 
Greenfield,  MA  01302 

46.  Sinks  Mfg.  Co. 

9201 W.  Belmont  Avenuue 
Franklin  Park,  IL  60131 

*47.  Brod  &  McClung-Pace  Co. 

9800  S.E.  McBrod  Avenue 
Portland,  OR  97222 
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48.  Bryant,  Day  &  Night  Payne/BDP 
Co. 

7310  W.  Morris  Street 
Indianapolis.  IN  46231 

49.  Buffalo  Force  Co. 

465  Broadway 
Buffalo.  NY  14240 

50.  Cranes  Co.  Div.  of  Wehr  Corp. 
10201  W.  Lincoln  Avenue 
Milwaukee.  Wl  53227 

51.  Century  by  Heat  Controller.  Inc 
1900  Wellworth  at  Losey 
Jackson,  Ml  49203 

52.  Clark-Reliance  Corp. 

15900  Industrial  Pky. 

Cleveland,  OH  44135 

53.  Clermont  Engineering  <!o. 

1304  N.  Ninth  Street 
Philadelphia.  PA  19122 

54.  Contempo  Engineering  Co. 

555  Riverdaie  Drive 
Glendale,  CA  91204 

55.  Day  &  Night/Bryant/Payne 
Brands/BDP 

7310  W.  Morris  Street 
Indianapolis,  IN  46231 

56.  Domback  industries  Div. 
Domback 

Furnace  &  Foundry  Co. 

33220  Lakeland  Blvd. 

Eastlake,  OH  44094 

57.  Dri-Steem  Humidifier  Co. 

P.O.  Box  621 
Hopkins.  MN  55343 

58.  Eiectrodome  Ltd. 

809  Wellington  Street 

N.  Kitchener,  Ontario,  Canada 
N2G4j6 

59.  Emerson-Chromalox  Div. 
Emerson 

Electric  Co. 

80(K)  W.  Florissant  Avenue 
St  Louis.  MO  63136 


60.  General  Filters,  Inc 

43802  Grand  River  Avenue 
Novi.  Ml  48050 

*61.  Herrmidifier  Co..  Inc. 

1770  Hempstead  Road 
Lancaster,  PA  17601 

62.  Humid-AireCorp. 

156-AN.  Jefferson 
Chicago,  IL  60606 

*63.  Johnson  Controls,  Inc. 

1250  E.  Diehl  Road 
Naperville.  IL  60540 

64.  Lauindustries,  Div.  of  Phillips 
Industries,  Inc. 

4801  Springfield  Street 
Dayton,  OH  45401 

65.  Leigh  Products,  A  Div.  of  Leigh 
Products,  Inc. 

41 1  64th  Avenue 
Coopersville,  Ml  49404 

*66.  Lennox  Industries,  Inc 
400  Norris  Glen  Road 
Etobicoke,  Ontario,  Canada 
M9C1HS 

67.  Liebert  Corporation 
1050  Dearborn  Drive 
Columbus,  OH  43229 

68.  Lobb  Humidifier  Co. 

3080  Oakley  Park  Road 
Walled  Lake,  Ml  48088 

69.  Maid-O-Mist 

3217  N.  Pulaski  Road 
Chicago,  IL  60641 

70.  Mountain  States  Equipment 
Co. 

1975A  S.  Navajo  Street 
Denver,  CO  80223 

71.  Nu-Air  Humidifier  Corp. 

405  S.  Center  Street 
P.O.  Box  1145 
Bloomington,  IL  61701 


72.  Paashe  Airbrush  Co. 

7440  W.  Lawrence  Ave., 
DeptSSB 

Harwood  Heights,  IL  60656 

73.  Parks-Cramer  Co. 

P.O.  Box  2200 
Fitchburg,  MA  01420 

74.  Permatron  Corp. 

10134  Pacific  Avenue,  Dept.  T 
Franklin  Park,  IL  60131 

75.  Pneumafil  Corp. 

4500  Chesapeake  Drive 
Box  16348 

Charlotte,  NC  28216 

*76.  Research  Products  Corp. 

1017  E.  Washington  Avenue 
Madison,  Wl  53701 

77.  Sarco  Co.,  Inc 
Spirax  Sarco 

P.O.  Box  119, 1951  26th  St., 
S.W. 

Allentown,  PA  18105 

78.  Skuttle  Mfg.  Co. 

Route  1 

Marietta,  OH  45750 

79.  Sonic  Development  Corp. 

305  Island  Road 
Mahwah,  NJ  07430 

80.  Southwark  Metal  Mfg. 

S.W.  Cor.  16th  &  Washington 
Ave. 

Philadelphia,  PA  19146 

81.  Spra-Kleen  Co. 

Lou  Dinsmore 
1242  Easy  Street 
Wood  bridge,  VA  22191 

*82.  Spray  Engineering  CoTSpraco, 
Inc 

P.O.  Box  3800 
2  Spit  Brook  Road 
Nashua,  NH  03061 


83.  Spraying  Systems  Co. 

Norm  Avenue 
Wheaton,  IL  60188 

84.  Standard  Engineering  Works 
289  Roosevelt  Avenue 
Pawtucket,  Rl  02860 

*85.  Steinen  Mfg.  Co. 

29  E.  Halsey  Road 
Parsippany,  NJ  07054 

*86.  Tempmaster  Corp. 

1222  Ozark  Street 

North  Kansas  City,  MO  64116 

*87.  Atkins  Technical,  Inc. 

3333  S.W.  40th  Blvd. 

Gainesville,  FL  32608 

88.  Barber-Colman 

CoTEnvironmentai  Control  Div. 
1354  Clifford  Avenue 
P.O.  Box  2940 
LovesPark,IL  61132 

*89.  EG&G  Environmental  Equip. 
Div. 

151T.  Bear  Hill  Road 
Waltham,  MA  02154 

90.  Hydro-Temp  Controls,  Inc. 

Fort  Washington,  PA  19034 

91.  Hygrometrix,  Inc. 

7800  MacArthur  Blvd. 

Oakland,  CA  94605 

92.  ITT  General  Controls 
801  Allen  Avenue 
Glendale,  CA  91201 

93.  Johnson  Controls,  Inc. 

5757  N.  Green  Bay  Ave. 

P.O.Box  591 
Milwaukee,  Wl  53201 

94.  Penn  Division,  Johnson 
Controls,  Inc 

P.O.  80x11248 
5740  Gen.  Wash.  Drive 
Alexandria,  VA  22312 


95.  Trane  Co. 

€200  Troop  Hwy. 

Tyler.  TX  75701 

*96.  Twinoak  Products.  Inc. 

Debbie  Mareuki 
12127  B  Galena  Road 
Plano.  IL  60545 

*97.  Walton  Laboratories.  Inc 
1  Carol  Place 
Moonachie.NJ  07074 

98.  Water  Cooling  Corp. 

P.O.Box  56 
Rosedale.NY  11422 

99.  American  Instrument  Co. 

Div.  of  Travenol  Laboratories. 
Inc. 

Washington  Bivd. 

Savage.  MD  20863 

100.  Phys-Chemical  Research  Corp. 
36>AW.  20th  Street 
New  York.  NY  10011 


101. 

Banco  Controls  Division 

8115  U.S.  Route  42  N. 

Plain  City.  OH  43064 

*102. 

Robertshaw  Controls  Co. 

P.O.  Box  26544 

Richmond.  VA  23261 

*103. 

Shafer.  Troxeli  &  Howe.  Inc. 
203  Brookes  Avenue 

P.O.  Box  118 

Gaithersburg,  MD  20877 

*104. 

Mitsubishi  International  Corp. 
520  Madison  Avenue 

New  York.  NY  10022 

*105. 

Honeywell.  Inc. 

1885  Douglas  Drive  North 
Minneapolis.  MN  55422 

*106. 

Rotromic  Instrument  Corp. 

7  High  Street,  Suite  207 
Huntington,  NY  11743 

.  *107. 

Dument  Refrigeration  Corp. 
P.O  Box  148 

Monmouth,  ME  04259 

APPENDIX  B 
SURVEY  LETTER 


August  15, 1986 
0500.0024 


Attention:  Sales  Manager 

Subject:  Humidifiers,  Dehumidifiers  and  Humidity  Controls 
Dear  Sir/Madam: 

VSE  is  performing  a  market  survey  to  evaluate  the  performance  of  commercially 
available  humidifiers,  dehumidifiers  and  humidity  controls  under  contract  to  the 
U.S.  Army  Belvoir  Research,  Development  and  Engineering  Center.  This  equipment 
is  expected  to  be  used  in  a  U.S.  Air  Force  Aircraft  Service  Van.  It  has  been  brought  to 
our  attention  that  the  capabilities  sought  might  exist  in  your  line  of  h  'midity 
controlling  equipment. 

We  are  requesting  catalogs  and/or  specification  sheets  describing  your  equipment's 
physical  form,  performance  capabi  ities,  power  requirements,  etc,  especially  that 
which  meets  the  flowing  criteria:  1)  Humidify  up  to  28  gals/day;  2)  Dehumidify  up 
to  24  gals/day.  Also  important  is  information  on  cost  and  delivery  time  ARO. 

The  information  you  provide  will  be  used  to  facilitate  our  evaluation  of  the  Air 
Force's  need  for  this  eouipment  and  the  suitability  of  your  systems  to  satisfy  those 
needs.  This  request  is  tor  information  only.  Your  response  shall  not  constitute  any 
contractual  arrangement  with  VSE  Corporation  and  it  is  to  be  done  completely 
without  cost  to  VSE. 

Please  direct  replies  and  information  packages  as  well  as  questions  you  might  have 
to  Harry  L  Johnson  at  the  above  address  within  two  (2)  weeks. 


Ltr  -  Survey/Evaluation  (Con't)  -2-  August  1 5, 1 986 

Your  help  and  cooperation  is  greatly  appreciated. 

Very  truly  yours, 

VSE  CORPORATION 

H.  L  Johnson,  Resources  Coordinator 
Army  Systems  Group 


R.  R.  Caldwell,  Manager 
Army  Systems  Group 


HU/RRCMam 
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APPENDIX  F 


DETERMINATION  OF  REQUIRED 
HUMIDIFICATION  AND  DEHUMIDIFICATION 
CAPACITIES 
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To- determine  the  actual  humidification  and  dehumidification  capacities 
required,  the  following  assumptions  were  initially  made  to  obtain  the  flow  rate  of 
outside  air  being  continuously  supplied  to  service  shelter. 

•  Three  persons  would  occupy  the  service  shelter. 

•  induced  fresh  air  flow  rate  required  by  paragraph  5.8.1. 2  of  MIL-STD- 
1472C  is  60  CFM  (20  CFM  per  person). 

•  To  account  for  moisture  from  the  three  occupants  and  unknown  factors 
introduced  by  the  plastic  strip  door  at  the  service  shelter  entrance,  a 
safety  factor  of  2  was  used. 

As  a  result,  a  fresh  air  flow  rate  of  120  CFM  (60  CFM  X  2}  was  used  in  all  calculations. 
Calculation  results  showed  that  the  service  shelter  required  a  maximum 
humidification  capacity  of  5.33  lb  water/hr  and  a  maximum  dehumidification 
capacity  of  5.43  lb  water/hr. 

1.  HUMIDIFICATION  MAXIMUM  CAPACITY  DETERMINATION 
The  humidification  capacity  was  first  determined  by  using  the  following  equation  to 
calculate  the  capacity  required  at  the  extreme  high  and  low  temperature 
conditions.  Then  to  the  highest  capacity  required  at  these  temperature  extremes, 
the  capacity  required  for  4-hour  "pull  down*  was  added  to  determine  maximum 
humidification  capacity  needed. 

Equation: 

Where: 


M  *  mass  flow  rate,  lb  water/hr. 

Qi  *  flow  rate  of  outside  air,  cu.  ft/min. 

V  *  specific  volume  of  air,  cu.  ftTIb  dry  air. 

Wi  m  humidity  ratio  of  inside  air  lb  water/Ib  dry  air. 
W2  »  humidity  ratio  of  outside  air,  lb  water/lb  dry  air. 


To  obtain  the  capacity  required  for  the  worst  high  temperature  condition,  the 
following  parameter  values  were  used.  V.  Wi  and  W2  values  were  obtained  from 
ASHRAE  Psychometric  Chart  No.  1  for  the  assumed  conditions  of  outside  and  inside 
air.  Qi  of  outside  air  was  assumed  as  discussed  previously. 

Ml  a  mass  flow  rate  at  worst  high  temperature  condition. 

Qi  a  120cu.ft7min. 

V  a  14.7  cu.  ftyib  dry  air  for  outside  air  at  120°F  and  3%  RH. 

Wt  a  .0124  lb  water/lb  dry  air  for  inside  air  at  85*’F  and  48%  RH. 

W2  »  .0020  lb  water/lb  dry  air  for  outside  air  at  120“F  and  3%  RH. 
Therefore,  Mj  a 

a  .085  lb  water/min. 
a  5. 1  lb  water/hr. 

To  obtain  the  capacity  required  for  the  woist  low  temperature  condition,  the 
following  parameter  values  were  used.  V,  Wi,  and  W2  values  were  obtained  from 
ASHRAE  Psychometric  Chart  No.  I.Q1  remained  the  same. 

M2  *  mass  flow  rate  at  worst  low  temperature  condition. 

Ql  a  120  cu.  ft./min. 

'  V  a  1 1,0  cu.ftTIb  dry  air  for  outside  air  at -25°F  and  0%  RH. 

Wi  a  .0076  lb  water/lb  dry  airfor  inside  air  at  70®F  and  48%  RH. 

W2  «  0  Ib  water/lb  dry  air  for  outside  air  at -25'’F  and  0%  RH. 

Therefore.  M2  *  120  (.0076-0) 

11.0 

a  ,083  lb  water/min. 
a  5.0  ib  water/hr. 


However,  since  the  humidifier  must  possess  a  "pull  down*  capability  so  that 
the  entire  service  shelter  space  (1,280  cu.  ft.)  is  conditioned  within  4‘ hours,  this 


additional  capacity,  as  calculated  below,  was  added  to  the  worst  high  temperatur 
condition.  The  following  new  parameter  values  were  used. 

M3  ■  mass  flow  rate  for  4  hour  'pull  down*  flow  rate 

Oj  *  1.280  cu.  ft. «  320  cu.  ft/hr 
«hr"' 

Therefore,  M3  -  320  f.0 124 -.00201 
•  .23  lb  water/hr 

And  the  total  maximum  capacity  at  the  worst  high  temperature  condition  neede 

is: 

M4  a  Ml  -f  M3 
a  5.1  *  .23 
a  5.33  lb  water/hr. 

2.  DEHUMIDIRCATION  MAXIMUM  CAPACITY  DETERMINATION 

The  dehumidification  capacity  was  determined  by  using  the  assume 
infiltration  rate  shown  in  the  first  paragraph  of  this  appendix  to  calculate  th 
capacity  required  at  extreme  high  humidity,  high  temperature  condition  and  < 
high  humidity,  moderate  temperature  condition.  The  capacity  at  the  moderal 
temperature  condition  was  determined  to  be  the  most  critical,  or  worst  cas 
dehumidification  condition  since  the  heat  pump  does  not  cool,  and  thi 
dehumidify,  at  moderate  temperatures.  To  those  capacities,  the  additional  capacii 
required  for  4-hour  "pull  down”  was  added  to  determine  maximui 
dehumidification  capacity  needed. 

To  obtain  the  capacity  required  for  the  high  temperature  condition  (durir 
which  time  the  heat  pump  will  normally  be  operating),  the  following  parameti 
values  were  used.  V,  Wt,  and  W2  were  obtained  from  ASHRAE  Psychrometric  Cha 
No.  1.  Q  was  the  same  as  used  previously.  The  assumed  inside  air  condition  is  80 
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S1%  RH  as  opposed  to  the  85F,  48%  RH  design  point  used  to  evaluate 
humidification  requirements.  This  was  done  to  allow  direct  comparison  with 
capacity  data  available  for  the  heat  pump. 

Ms  s  mass  flow  rate  at  high  temperature  condition 

Qi  »  120cu.  ftVmin 

V  »  14.9  cu.  ft./lb  dry  air  assuming  outside  air  is  at  lOS^’F  anc 

59%  RH 

Wi  3  .0112  lb  water/lb  dry  air  assuming  inside  air  is  at  80°F 

51%  RH 

W2  »  .0290  lb  water/lb  dry  air  assuming  outside  air  is  at  105'’l 

59%  RH 


Therefore.Ms  «  Qi(W2-Wi) 

V 

■  120  (.0290 -.01 121 
— ^ 

a  .143  lb  water/min 

■  8.6  lb  water/hr. 

However,  since  the  dehumidifier  must  possess  a  'pull  down*  capability  so  t 
the  entire  service  shelter  space  (1,280  cu.ft)  is  conditioned  within  four  hours, 
additional  capacity,  as  calculated  below,  was  added.  The  following  new  parame 
were  used.  Wt  and  W2  remain  the  same. 

Me  ■  mass  flow  for  four  hour  "pulldown* 

Q2  ■  1280  cu.  ft.  »  320  cu.  ft./hr  "pull  down*  flow  rate 

4  hr 


Therefore,  Me 


320(.0290-.0112 

TO 


■  .4ibwtttr/hr. 


«nd  th€  total  maximum  dchumidification  capacity  neaded  is: 

My  M  '  Ms  ♦  M$ 

«  8.6  ^  .4 

m  9.C  ib  water/hr 

A  determination  must  be  made  of  the  dehumidifying  capability  of  the  existing 
heat  pump.  Fort  Bctvoir  has  capacity  test  data  performed  on  an  ECU  Inc  heat  pump 
from  whidt  the  following  information  was  extracted: 

Capacity  test  conditions: 

e  105*F  outdoor  temperature 

e  80*F  indoor  temperature,  51%  RH 
e  in.  W.G.  indoor  static  pressure 

Achieved  latent  a)oling  capacity: 

93S0BTU4ir 

Enthalpy  of  saturated  liquid  and  saturated  vapor/@80*F; 

1048.3  BTU/lb  water 

Heat  pump  dehumidification  capability 

8.^  «  8.9  lb  water/hr 

At  extreme  high  humidity  and  high  temperature  condition  the 
dehumidification  capability  of  the  heat  pump  and  the  system  requirement  are 
within  1.5H. 

To  obtain  the  capacity  required  for  the  moderate  temperature  condition  the 
following  parameter  values  were  used.  V,  Wi,  Wy  were  obtained  from  ASHRAE 
Psychometric  Chart  No.  1.  Qi  was  the  same  as  used  previously. 

Ma  m  mass  flow  rate  at  moderate  temperature  condition. 

Qi  B  120  cu.  ft/min. 


V 


13.8  cu.  ft/lb  dry  air  assuming  outside  air  is  at  75°F  and 
100%  RH. 


Wt  m  .0088  lb  water/lb  dry  air  assuming  inside  air  is  at  75*’F  and 

48%  RH. 

W2  »  .0188  lb  water/lb  dry  air  assuming  outside  air  is  at  75°F 

and  100%  RH. 

Therefore,  Ms  ■  Qi(W2-Wi) 

V 

•  120  (.01 88 -.0088) 

13.3 

■  5.2  lb  water/hr. 

However  since  the  dehumidifier  hasto  possess  a  *puM  down*  capability  so  that 
the  entire  service  shelter  space  (1,280  cu.  ft)  is  conditioned  within  4  hours,  this 
additional  capacity,  as  calculated  below,  was  added.  The  following  new  parameters 
were  used.  Wt,  and  W2  values  remained  the  same. 

Me  *  mas5fIowfor4-hour 'pulldown*. 

O2  ■  1.280  cu.  ft  ■  320  cu.  ft/hr  'pull  down*  flow  rate, 

ihf. 

Therefore,  Me  «  320  (.01 88-. 0088) 

1X5 

■>  .23  lb  water/hr 

And  the  total  maximum  dehumidification  capacity  needed  is: 

Mto  *  Ms  *  Me 


5.2  -r  .23 
5.43  lb  water/hr 
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1.0  PURPOSE 

The  purpose  of  this  test  program  is  to  ascertain  performance  data  with 
which  to  evaluate  the  operational  feasibility  of  selected  humidification, 
dehumidification  and  humidity  control  equipment.  Testing  will  be  conducted  on 
three  humidifiers,  one  dehumidifier  (modified  heat  pump)  and  four  humidity 
controls. 

2.0  APPUCABLE  DOCUMENTS 

Statement  of  work  and  services  dated  14  July  19B6.  Task  Order  0024  • 
Contract  No.  DAAK7C-86-D-0023. 

MIL*STO-45662;  Calibration  System  Requirements. 

MIL-STD-461:  Electromagnetic  Emission  and  Susceptibility  Requirements 
for  the  control  of  Electromagnetic  interference. 

MIL-STO«462;  Electromagnetic  Interfererice  Characteristics, 
Measurement  of. 

MIL-STD^IO;  Environmental  Test  Methods  and  Engineering  Guidelines 
M!L*STD-1472;  Human  Engineering  Design  Criteria  for  Military  Systems, 
Equipment  and  Facilities. 

MIL-STD-1474;  Noise  Limits  for  Army  Materiel. 

AR  70>38;  Research,  Development,  Test  and  Evaluation  of  Materiel  for 
Extreme  Oimatic  Conditions. 

% 

3.0  ITEM  DESCRIPTION 

3.1  Humidification  Equipment 

3.1.1  Steam  Generators 

Two  steam  generators  will  be  tested.  These  units  consist  of  water  pans  or 
reservoirs  wftich  are  hented  with  electrical  resistance  heaters.  Units  will  be 
connected  to  a  ten  gallon  water  tank  so  as  to  allow  gravity  flow  of  supply  water. 
Water  level  in  the  pans  is  maintained  by  a  float  valve  or  electrical  sensor  with  a 


1 


solenoid  valve.  Units  contain  internal  blowers  which  distribute  the  vaporized 
moisture  into  the  conditioned  space. 

The  DRf  STEEM  model  VM2  is  approximately  34"  high  X  24'  wide  X  16' 
deep,  with  a  6  Ib/hr  capacity,  weighs  118  lb  operating  and  requires  input  power  of 
2kW.  Unit  possesses  a  teflon  coated  steel  vaporizing  chamber  with  incoloy 
sheathed  immersion  heaters.  Water  level  is  sensed  by  a  three-pronged  electrical 
probe  which  makes  or  breaks  electrical  circuits  through  the  water.  A  solenoid  valve 
is  actuated  appropriately.  A  minimum  water  hardness  is  required  for  sensor 
operation.  An  internal  timer  initiates  a  periodic  chamber  flush  cycle  to  reduce  rate 
of  mineral  build-up.  Generated  steant  rises  from  the  vapor  chamber,  through  a 
vapor  hose  to  a  dispersion  tube.  The  dispersion  tube  is  mounted  down  stream  of  a 


centrifugal  blower.  Forced  air  passing  over  the  dispersion  tube  distributes  vapor 
into  the  conditioned  space.  , 

The  alternate  steam  generator  to  be  tested  is  the  AUTOFLO  model  L- 
101 1-K.  This  unit  has  a  capacity  of  4.5  Ib/hr,  necessitating  two  units  for  final 
application.  A  single  unit  is  approximately  16”  high  X  13'  wide  X  12'  deep,  weighs 
30  lb.  operating  and  draws  1.4kw.  Unit  possess  a  steel  vaporizing  pan  with  a  single 
incoloy  immersion  heater.  Pan  water  level  is  maintained  by  a  steel  and  bronze  float 
valve.  Rising  vapor  is  distributed  in  the  conditioned  space  by  an  axial  fan. 

3.1.2  Atomizers 

A  single  atomizer  will  be  tested.  The  BAHNSON  type  EIA  atomizes  water 
by  means  of  centrifugal  force.  Water  at  a  specific  fic.  rate  is  provided  to  the  center 
of  a  rotating  disc  The  water  then  flows  out  by  centrifugal  force  to  the  edge  of  the 
disc  Water  leaves  the  disc  and  contacts  a  grille  which  breaks  the  water  into  small 
droplets.  Unit  contains  an  internal  blower  which  distributes  the  mist  into  the 
conditioned  space.  The  type  EIA  is  14'  high  and  18”  in  diameter,  with  a  12  IbThr. 
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capacity,  weighs  40  lb  operating  and  draws  approximately  230  watts.  Moisture  \i 
normally  discharged  360*  but  can  be  shielded  to  desired  spread. 

3.2  Oehumidification  Equipment 

The  only  dehumidifier  to  be  tested  consists  of  the  existing  shelter  heal 
pump  with  auxiliary  booster  heaters.  The  heat  pump  is  intended  for  heating  anc 
coolhig  the  conditioned  space.  The  heat  pump  control  circuitry  must  be  modified  tc 
allow  use  as  a  dehumidifier.  A  humidistat  is  wired-in  so  that  dehumidification  car 
be  accomplished  in  the  temperature  range  requiring  neither  cooling  nor  heating. 

3.3  Humidity  Controls 

Four  humidity  controls  will  be  tested.  The  four  controls  are  Honeywel 
model  H46C  and  model  H600A,  Barber-Colman  model  HCtCI  and  Abbeon  Ca 
model  4703-602.  Each  control  contains  a  nylon  element  which  senses  relative 
humidity.  Nylon  is  a  hygroscopic  material  which  expands  or.  contracts  dependinc 
upon  moisture  content  The  expansion  and  contraction  mechanically  actuates  ar 
electrical  switch  depending  upon  the  unit  set  point. 

4.0  TEST  LOCATION 

All  testing  delineated  in  this  test  plan  will  be  performed,  in  part,  at  one 
of  the  following  facilities: 

VSE  Corporation 
2550  Huntington  Avenue 

•» 

Alexandria,  VA 

National  Technical  Systems  (NTS) 

Route  748 
Hartwood,  VA 

~  E-Systems,  Melpar  Division 
7700  Arlington  Boulevard 
Falls  Church,  VA 
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5.0  TEST  EQUIPMENT 

5.1  VSE  Facilities  and  Hardware 

Extreme  temperature  tests  shall  be  performed  in  a  chamber 
manufactured  by  Thermotron.  Chamber  volume  is  33"  X  38*  X  38"  with  a 
temperature  range  of  ■¥  265*  F  to  -90*F. 

Gravity  feed  water  supply  apparatus  will  consist  of  a  10  gallon  plastic 
laboratory  tank.  Water  supply  is  required  for  humidifier  capacity  test  and  other 
testing  requiring  humidifier  operation  verification.  The  tank  will  be  supported  by  a 
wooden  structure,  elevated  sufficiently  to  ailow  gravity  flow  to  humidifiers.  Tygon 
tubing  with  damps  wiii  be  used  to  connect  supply  water  to  humidifier. 

Equipment  fixtures  required  for  vibration  testing  shall  consist  of 
aluminum  brackets,  braces,  metal  bands,  etc  which  will  simulate  the  anticipated 
mounting  within  a  military  van. 

Sound  testing  will  be  accomplished  in  a  local  field  or  open  area  which 
approaches  a  free  held  environment 

5.1.1  VSE  Instrumentation 

All  instrumentation  used  during  testing  will  be  maintained  under  the 

following  calibration  control.  The  equipment  shall  be  cleaned,  inspected,  and 

calibrated  to  manufacturers  specifications.  National  Technical  Systems  (NTS) 

calibration  procedures,  Melpar  calibration  procedures,  or  VSE  standards  as  required. 

* 

The  definittons  for  measuring  equipment  test  equipment,  and  standards,  as  listed 
in  MiL-STD^5662,  apply  to  this  procedure.  Ail  VSE  reference  measurement 
standards  will  be  calibrated  by  commercial  firms  using  standards  traceable  to  the 
National  Bureau  of  Standards.  All  VSE  test  equipment  will  be  calibrated  using  VSE 
reference  standards  or  calibrated  by  commercial  firms  using  standards  traceable  to 
the  National  Bureau  of  Standards.  Reference  standards  will  be  used  by  calibration 


ptnonnei  only.  Ail  sUnd«rds  ttsted  by  (»utside  sources  must  be  returned  with  the 
foltowing  information: 

•  Certificate  of  Calibration  stating  that  the  calibration  standards 
used  by  the  outside  source  are  traceable  to  the  National 
Bureau  of  Standards. 

•  Certification  that  the  subcontractor'^  system  is  in  conformance 
withMiL-ST0^5662. 

•  Serial  numbers  of  equipment  used  on  calibration  and  the  date 
of  certification  of  the  equipment 

•  Data  sheets  or  other  records  showing  accuracy  and 
environmental  conditions  cf  the  instrument  calibrated. 

If  equipment  size  and  usage  permits,  calibration  data,  such  as  date  of 
calibration,  the  initials  of  the  calibrator,  and  the  date  of  neKt  calibration  shall  be 
indicated  on  a  suitable  tag  or  label  attached  to  each  piece  of  equipment.  A 
Calibration  Record  Card  (see  Figure  1.),  will  be  kept  on  each  piece  of  test  or 
inspection  equipment  ar>d  standard.  The  card  will  list  the  equipment  description, 
serial  numb^,  calibration  interval,  general  use,  each  calibration  and  recall  date,  and 
any  repairs  made  or  starMiards  used.  It  will  also  be  signed  by  the  person  performing 
the  calibration  or  reference  the  calibration  source,  if  performed  outside  VSE.  Each 
card  will  be  retained  in  the  QC  Department 
5.U  Temperature 

Temperatures  will  be  measured  using  copper-constantan  thermocouples 
with  an  accuracy  of  1 1*F.  Dry  bulb  and  wet  bulb  temperatures  will  be  measured 
with  ailing  psychrometerwvith  an  accuracy  of  1 1*F. 

S.U  WaterWeight 

Water  weight  will  be  measured  using  an  Accu>Weigh  model  12ETDX/L 

weight  scale  having  125  lb.  capacity  and  .05  lb.  resolution. 


Affix  tob  ond  maric  block  eor- 
iTMpondlng  io  Col.  initrvol 


30  DAYS  60  DAYS  90  DAYS 


MOS  12  MOS 


Calibration  Interval; 


CALIBRATION  RECORD 


VECO  Serial  No.  Q.C. 


Item  Description: 


Date  Calibrated 


Calibrated  B/ 


Remarks  (repoir) 


O'ilbration 
Doe  Date 


Figure  1.  Calibration  Record  Card 


5.1.4  Timt 

Thnc  measurement  will  be  made  with  a  Seiko  wrist  watch. 

5.1.5  Voltage  AC 

Voltage  will  be  measured  with  a  Weston  volt  meter. 

5.1.6  Amperage 

Amperage  will  be  measured  with  a  Weston  ammeter. 

5.1.7  Frequency 

Frequency  will  be  measured  with  Dynascan  1851  frequency  meter. 

5.1.8  Wattage 

Wattage  will  be  measured  with  a  Weston  watt  meter. 

5.1.9  Continuity 

Orcuit  continuity  wilt  be  determined  with  a  Simpson  260  muKimeter. 

5.1.10  Sound  Level 

Sound  levels  will  be  measured  with  a  GenRad  sound  level  meter. 

5.2  NTS  Facilities 

Variable  power  input  testing  will  be  accomplished  by  a  1  SkW  motor 
driven  altemator  manufactured  by  Kato. 

Vibration  test  will  be  performed  with  an  MB  Electronics  C210,  28,000 
force-pound  vibration  machine. 

5J  MeiparFadlcties 

Melpar  shall  make  use  of  test  equipment  in  accordance  with  MIL-STD-462 
capable  of  measuring  conducted  and  radiated  EMI.  A  list  of  equipment  and  their 
accuracies  will  be  provided  by  Melpar  and  included  in  the  final  test  report. 

6.0  TESTING 

6.1  General 

The  following  is  a  list  of  tests  to  be  performed  on  the  humidification 
equipment: 
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-  Controls  Performance 

•  Dehumidification  Operation 

•  Capacity 
EMI 

Variable  Voltage  and  Frequency 
High  Temperature  Storage 

-  Low  Temperature  Storage 

•  Vibration 
Sound  Level 
Tilted  Operation 
Human  Factors  Evaluation 

Capacity  testing  for  atomizer  and  steam  generator  humidifiers  is  not 
dependent  on  ambient  air  conditions.  Regardless  of  temperatures  or  relative 
humidities  within  the  conditioned  space,  these  type  humidifiers  will  discharge 
moisture  at  a  given  rate.  Special  attention  will  be  given  to  atomizer  capa^'ty  at  50 
Hz  Input  Slower  operation  will  reduce  capacity  and  may  affect  droplet  size. 

Extreme  temperature  tests  reflect  the  worst  anticipated  storage 
temperatures  the  equipment  will  encounter  world-wide.  High  and  low 
temperatures  (-f  160*F  and  •60*F)  and  storage  duration  periods  (4  hrs  and  12  hrs 
respectively)  reflect  data  compiled  in  AR  70-38. 

Control  tests  will  be  performed  on  the  humidity  controls  upon  reception 
of  equipment  for  baseline  data.  This  test  will  verify  controls  set  point  and 
differential  accuracies.  Following  completion  of  ail  other  humidity  control  testing, 
a  final  controls  test  will  be  performed  to  determine  what  loss  of  accuracy,  if  any,  has 
occurred. 

Humidifiers  shall  be  tested  to  ensure  operation  at  variable  voltage  and 
frequency  coitditions.  Military  generators  used  to  provide  power  may  not  be 


•djufttd  to  correct  voltage  settings  during  initial  start-up.  K  is  assumed  that  the 
generator  settings  will  be  corrected  with  15  minutes  of  start-up.  It  is  assumed  the 
system  wilt  be  deployed  in  countries  making  use  of  50  or  60  Hz  frequencies.  No 
variation  from  the  specified  frequencies  will  be  tested. 

The  vibration  test  specified  in  this  test  plan  is  categorized  as  basic 
transportation.  This  test  simulates  equipment  shipped  as  secured  cargo  by  land,  sea 
or  air  on  common  carriers.  Test  levels  are  established  from  land  transport  stress 
levels  since  these  are  higher  than  air  and  sea  stresses.  All  air  and  sea  fansport 
scenarios  include  prior  or  subsequent  land  transportation. 

Humidifiers  will  be  tested  for  both  conducted  and  radiated  electro¬ 
magnetic  interference  (EMI)  in  the  transient  and  steady  state  modes.  EMI  will  be 
tested  to  the  requirements  of  CE03  and  RE02  in  accordance  with  MIL-STO-461B. 
part  4.  The  heat  pump  installed  in  the  aircraft  service  shelter,  has  been  tested  to 
identical  requirements.  Humidity  controls  wilt  be  tested  for  transient  radiated 
(RE02  requirements)  emissions  since  only  this  scenario  presents  any  potential 
IMObiem. 

Sound  levels  for  humidification  equipment  are  not  anticipated  to  be 
significant  Humidifiers  will  be  tested  to  ensure  the  expected  low  levels  are 
achieved. 

Humidifiers  and  humidity  controls  shall  be  examined  and  evaluated  for 

« 

human  factors.  Equipment  should  be  compatible  with  requirements  of  MIL-STD- 
1472.  Spedal  design  emphasis  shall  be  given,  but  not  limited  to,  paragraphs  4 
(General  Requirements),  5.5  (Labeling),  5.9  (Design  for  Maintainability),  and  5.13 
(Hazards  and  Safety),  of  MtL-STD-1472,  as  applicable. 

A  dehumidification  operation  test  sh  .'ll  be  performed  to  ensure  that  the 
circuit  modifications  made  on  the  heat  pump  will  allow  operation  as  intended  and 
that  the  primary  heating  and  cooling  modes  are  not  affected.  Dehumidification 


CMtnot  b«  accomplished  baiow  72*F.  Below  72*F  the  heat  pump  is  operating  in  the 
heat  mode  which  does  not  provide  for  a  cool  indoor  coil  surface  on  which  to 
condense  moisture.  It  is  anticipated  that  at  indoor  temperatures  below  72T,  the 
outdoor  temperature  will  be  significantly  lower  to  overcome  heat  gains  from 
equipment  arid  personnel  within.  Thus,  heating  the  cool  high  humidity  outside  air 
will  tend  to  provide  air  with  decreased  RH's  in  the  indoor  space.  It  is  believed 
dehumidification  will  rarely  be  needed  below  72T.  Should  dehumidification  be 
needed  in  this  range,  the  heat  pump  must  first  satisfy  the  thermostat  before 
dehumidification  can  take  place.  The  conditioned  space  must  be  warmed  to  72*’F 
which  will  take  the  heat  pump  out  of  the  heat  mode.  The  evaporator  coil  can  then 
be  used  for  dehumidification  (cooling)  in  conjunction  with  both  booster  heaters. 

Humidifiers  will  be  operated  in  tiKed  orientations  to  simulate  possible 
military  shelter  location  on  other  than  level  ground. 


CONTROLS  PCRFORMANCE  -  VSE  Ptrformcd 
Puroos*  of  Test:  To  dctermino  if  monufacturtr's  specified  operation  of  humidity 
controls  is  achieved  and  to  recalibrate  controls  if  specified  operation  is  not 
achieved.  Control  set  points  and  H  RH  differentials  will  be  evaluated.  Two  control 
tests  will  be  performed.  The  first  control  test  will  be  performed  upon  reception  of 
the  controls  and  the  second  test  will  be  performed  following  the  high  and  low 
temperature  storage  tests  and  the  vibration  test  Results  of  the  initial  controls  test 
eriit  provide  baseline  data  wi^  which  to  compare  to  results  of  the  second  controls 
test  Any  degradition  in  performance  will  be  recorded. 

Applkation  Requirement:  Humidity  controls  shall  possess  an  electrical  switch  which 
will  dose  or  open  depending  upon  sensed  relative  humidity.  Separate  switches  are 
required  to  actt;ate  a  humidifier  arui  a  dehumidifter.  Humidifier  humidity  controls 
dtall  their  switch  at  the  control  RH  set  point  and  below.  Oehumidifier 
humidKy  controls  ^11  dose  their  switch  at  the  controls  RH  set  point  and  above. 

•  Chamber  lined  with  plastic  to  impede  moisture  loss.  Chamber  shall 
be  provided  with  a  view  port  and  will  allow  access  to  equipment 
within  without  affecting  internal  conditions. 

Humidifier 

•  Continuity  tester 

•  Wire  extensions  necessary  to  test  controls  outside  chamber 

-  P^fchrometer  with  blower 

-  Time  dock 

Test  Procedure:  Set  the  control  knob  for  each  of  the  four  controls  at  50%  RH.  Place 
humidity  controls,  humidifier  and  psychrometer/blower  assembly  in  chamber  (see 
Figure  2.).  The  chamber  shall  then  be  conditioned  as  doseiy  as  possible  to  50%  RH. 
Current  ambient  RH^s  are  usually  well  below  50%  so  only  humidification  capability 
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should  bt  rtquirtd  in  tht  chamber.  Chamber  RH  will  be  verified  with 
psychrometer/blower  assembly  (see  Figure  3.).  Blower  will  insure  a  necessary  air 
velocity  over  thermometers.  Humidity  controls  shall  be  soaked  at  50%  RH  for  30 
minutes.  Determine  accuracy  of  controls  by  rotating  control  knob  from  the  50%  RH 
set  point  until  each  unit's  internal  switch  opens  or  closes  as  required,  (e.g..,  a 
dehumidifier  control  whose  switch  has  not  yet  dosed  at  50%  RH  shall  have  its 
control  knob  rotated  above  the  50%  setting  until  the  switch  does  close.)  Switch 
actuation  will  be  determined  with  a  continuity  tester.  The  difference  between  the 
knob  setting  at  switch  actuation  and  the  chamber  RH  will  be  recorded.  Should  the 
difference  between  the  knob  setting  at  switch  actuation  and  chamber  RH  exceed 
1/2%  RH  the  control  will  then  be  recalibrated.  Recalibration  involves  rotating  the 
cofttrol  knob  back  to  50%.  The  housing  of  the  control  will  then  be  removed  to 
expose  the  calibration  saew.  The  calibration  screw  will  be  adjusted  until  the 
control  switch  opens  or  doses  as  required  at  50%  RH. 

BSSgrdslQata: 

•  Record  chamber  db  and  wb  temperatures  every  10  minutes 
throughout  test. 

•  Record  the  difference  between  the  control  knob  setting  at  switch 
actuation  and  chamber  RH  prior  to  recalibration. 

•  •  Record  recalibration  condition,  %  RH. 


Cal  4703-602 
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DEHUMIDIFICATION  OPERATIONS  -  VSE  Performed 
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Purpose  of  Test:  To  ensure  modifications  to  the  control  circuitry  of  heat  pump  will 
allow  operation  as  a  dehumidifier  without  unintended  equipment  consequences 
(see  Figure  4.). 

Background:  The  heat  pump  is  equipped  with  three  selector  switches  to  control 
unit  operation.  The  selector  switches  are  listed  below: 


Switch 

Positions 

Unit 

EMERGENCY  HEAT/OFF/ON 

Mode 

COOL/AUTO/HEAT 

Fan 

AUTO/ON 

A  separate  ON/OFF  switch  has  been  added  to  the  heat  pump  control  circuitry  which 
simulates  a  humidistat  for  test  purposes.  The  temperature  set  points  provided  with 
the  heat  pump  thermostat  are  as  follows: 

cooling  called  for  @  76*F  and  above 
First  stage  heating  called  for  @  72*F  and  below 
Second  stage  heating  called  for  @  68°F  and  below 
Thermostat  contacts  can  be  selectively  shorted  to  simulate  ambient  temperature 
conditions. 

Application  Reguirement:  The  heat  pump  operating  modes  discussed  below  are 
based  on  unit  switch  in  *ON*  position,  fan  switch  in  "AUTO*  position  and  the 
dehumidification  simulator  switch  (DSS)  in  "ON*  position.  The  modified  heat  pump 
wilt  operate  in  the  cool  mode  at  ambient  temperatures  of  76’F  and  above,  with  the 
mode  selector  switch  in  the  "COOL*  or  "AUTO*  positions.  The  modified  heat  pump 
will  operate  in  cool  mode  with  both  booster  heaters  energized  between  ambient 
temperatures  of  72"F  and  76*F.  Mode  selector  switch  may  be  in  "COOL",  "AUTO", 
or  "HEAT*  position.  Modified  heat  pump  will  operate  in  heat  mode  at  ambient 
temperatures  of  72*F  and  below,  with  the  mode  selector  switch  in  the  "HEAT*  or 
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•auto*  positions.  A  single  booster  heater  will  energize  at  temperatures  of  68®F 
and  below. 

Fan  shall  operate  continuously  with  fan  selector  switch  in  "ON*  position. 
A  single  booster  heater  will  operate  with  the  unit  selector  switch  in 
•EMERGENCY  HEAT*  position. 

Test  Equipment: 

Heat  pump  manufactured  by  ARE 

ON/OFF  switch  which  simulates  a  humidistat  w/necessary  wiring 
Thermocouple 
Two  thermocouple  grids 
Voltmeter 
•  Ammeter 
-  Frequency  meter 
Watt  meter 

Test  Procedure:  With  heat  pump  in  an  Indoor  ambient  environment,  jumper  the 

heat  pump  thermostat  contacts  W1,  W2  and  Y1  (see  Figure  5).  This  will  simulate 

operation  above  76*F.  Turn  unit  selector  switch  to  ”ON'  position  and  turn  mode 

selector  switch  to  'COOL*  position.  Fan  selector  switch  shall  be  in  "AUTO*  position. 

Turn  DSS  to  'ON*  position.  Allow  a  3  minute  stabilization  period.  Ensure  heat 

pump  is  operating  in  cooling  mode  and  that  the  booster  heaters  are  not  operating. 
* 

Move  mode  sector  switch  to  'AUTO*  position.  Again,  ensure  heat  pump  is 
operating  in  cooling  mode  and  that  the  booster  heaters  are  not  operating 
following  a  3  minute  stabilization  period.  Remove  Jumper  wire  on  thermostat  Y1 
contacts  to  simulate  an  ambient  temperature  between  72°F  and  76*’F.  Allow  a  10 
minute  stab'.ization  period.  Ensure  that  the  heat  pump  is  operating  in  the  cooling 
mode  with  the  booster  heaters  operating  simultaneously.  Turn  DSS  off,  stabilize  for 
3  minutes  and  verify  booster  heater  and  compressor  de-energize.  Remove  jumper 
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wiire  on  thermostat  W1  contacts  to  simulate  an  ambient  temperature  between  72"F 
and  68*F.  Stablize  for  10  minifies.  Ensure  heat  pump  is  operating  in  heat  mode  with 
booster  heaters  de-energized.  Turn  OSS  on,  stabilize  for  3  minutes  and  ensure  heat 
pump  is  operating  in  heal  mode  with  booster  heaters  de-energized.  Move  mode 
selector  switch  to  'HEAT*  position  and  stabilize  for  3  minutes.  Again  ensure  heat 
pump  is  operating  in  heat  mode  with  booster  heaters  de-energized.  Remove 
jumper  wire  on  W2  contacts  to  simulate  an  ambient  temperature  below  68'F. 
Stabilize  for  10  minutes.  Ensure  a  single  booster  heater  has  energized. 

Recorded  Data: 

-  Verification  of  intended  operation 

Record  the  following  data  at  the  start  and  finish  of  each  stabilization 
period  delineated  in  the  test  procedure: 

•  Ambient  Temperature 

>  Heat  pump  intake  and  discharge  temperatures 

-  Volts 

-  Amps 

-  Frequency 


CAPACITY  -  NTS  Ptrfofm«d 


M 

Purpose  of  Test:  To  determine  water  discharge  capacity  of  humidifiers  and  to 
determine  if  a  single  unit  will  satisfy  application  requirement. 

AoDlication  Requirement:  Humidifier  shall  have  a  minimum  humidification 
capability  of  5.3  Ib/hr  water.  Unit  shall  be  capable  of  specified  performance  at  both 
so  and  60  Hz  operation. 

•  Generator  Set 

Water  reservoir  (10  gal.) 

Weight  scale 

-  VoH  meter 

•  Ammeter 

-  Frequency  nrHster 

•  Watt  meter 

•  Sling  psychrometer 

•  Time  clock 

Test  Procedure;  Place  humidifier  in  an  indoor  ambient  environment.  Connect 
humidifier  water  inlet  to  water  reservoir  in  such  a  way  as  to  allow  gravity  feed  of 
supply  water.  Operate  humidifier  a  minimum  of  15  minutes  before  starting  test. 
Just  prior  to  actual  test  period  weigh  water  supply  reservoir.  Continue  operation  of 
humidifier  undisturbed  for  one  hour,  immediately  following  the  one  hour  period 
rewtigh  the  water  supply  reservoir.  Should  the  humidifier  capacity  exceed  the 
reservoir  capacity  it  will  be  necessary  to  add  measured  amounts  of  make-up  water 
to  the  reservoir,  during  test 

Two  tests  shall  be  performed;  the  first  at  120V,  single  phase,  60  Hz  and  the  second 
at  120V,  single  phase,  50  Hz. 


Recorded  Data:  Record  weight  of  water  reservoir  before  and  after  one  hour  test 
period. 

The  following  measurements  shall  be  recorded  at  test  initiation  and  at  15  minute 
intervals  for  a  total  of  5  readings; 

Ambient  db  and  wb  temperatures 
Voltage 
-  Current 


•  Frequency 
Watts 


6.5  ILfCTROMAGNETIC  INTERFERENCE  (EMt)-Melpar  Performed 

Purpose  of  Test:  To  evaluate  humidifiers  and  humidity  conVols  for  EMI  (Emissions) 
in  accordance  with  MIL-STD-461 . 

Application  Requirement:  Conducted  and  radiated  emissions  must  be  within  limits 
imposed  by  methods  CE03  and  RE02  of  MIL-STD-461,  Part  4. 

Test  Equipment:  Equipment  required  in  MiL-STD-462. 

Test  Procedure:  Using  equipment  and  test  procedures  in  MIL-STD-462,  the 
humidifiers  shall  be  evaluated  in  accordance  with  method  CE-03,  Part  4  of  MIL-STD- 
461.  Humidifiers  and  humidity  controls  shall  be  evaluated  in  accordance  with 
method  RE-02.  Part  4  of  MIL  STD-481.  Only  broadband  conducted  and  radiated 
emissions  need  be  measured.  Humidifiers  shall  be  tested  for  steady  state  and 
transient  operations.  Humidity  controls  shall  be  tested  for  transients  only. 

Recorded  Data:  Each  different  test  nriode  shall  be  stated  and  provided  with 
corresponding  graphical  results. 


«.i  VARIABLE  VOLTAGE  AND  FREQUENCY  •  NTS  Performed 

Purpose  of  Test:  To  determine  if  humidifiers  will  operate  at  various  input  power 

conditions. 

Application  Requirement:  Humidifier  shall  start  and  operate  continuously  for  15 
minutes  on  variable  input  power  conditions  described  below: 


Test 

Voltage 

Condition 

Frequency 

Condition 

Voltage 

VAC  1.5V 

Frequency 
Hz  ±  2H2 

1 

High 

High 

132 

60 

2 

Lovw 

Low 

108 

50 

3 

Low 

High 

108 

60 

4 

High 

Low 

132 

so 

Test  Eouipmerit: 

•  Generator  set 

•  Voh  meter 

•  Ammeter 

•  Frequency  meter 

•  Watt  meter 

•  Thermo  couple 
Water  reservoir 

-  Time  dock 

Test  Procedure:  Maintain  water  supply  to  humidifier  under  test  to  insure 
continuous  operation  (see  Figure  6.).  Begin  with  test  1  power  conditions  and 
operate  unit  continuously  for  15  minutes.  Following  15  minute  test  period  allow 
humidifier  to  soak  for  1  hour  minimum  at  ambient  conditions.  Following  soak 
period  operate  humidifier  at  test  2  power  conditions  for  15  minutes.  Each  15 


minute  test  will  be  followed  by  a  1  hour  soak  period  until  all  four  tests  are 
completed. 

Recorded  Data:  The  following  measurements  shall  be  recorded  at  each  test 
initiation  and  at  5  minute  intervals  during  each  1 5  minute  test; 

Volts 

-  Current 
Frequency 
Watts 

Ambient  temperature 


Frequency 


6.7  VIBRATION -NTS  Performed 

Purpose  of  Test;  To  determine  effect  of  simulated  transportation  vibration  on 
humidifiers  and  humidity  controls. 

Application  Requirement:  Humidifier  and  humidity  controls  shall  show  no  evidence 
of  structural  damage  or  abnormal  vibration  during  operation,  following  vibration 
in  accordance  with  MIL-STD-810,  Method  514.3,  Table  514.3-1,  category  1,  test 
procedure  I,  Figure  514.3-1  through  3.  Equipment  shall  be  vibrated  in  three  planes 
(longitudinal,  transverse,  vertical)  for  a  duration  of  30  minutes  per  plane.  Test  items 
shall  be  mounted  in  their  normal  operating  position  throughout  vibration  test. 
Vibration  inputs  shall  be  monitored  by  averaging  responses  of  four  accelerometers 
located  in  four  comers  of  base  fixture.  Test  items  shall  not  be  operated  during 
vibration.  See  Figure  7.  fortypical  equipment  mounting. 

Test  Equipment: 

•  Vibration  machine 

Fixtures  necessary  to  securely  mount  humidifier  and  controls  to 
vibration  machine. 

Water  reservoir 
Voltmeter 

-  Ammeter 
Frequency  meter 
Watt  meter 

-  Tinf^e  clock 

•  Continuity  tester 

•  Capability  to  produce  a  humidified  or  dehumidified  atmosphere  as 
required. 


Test  Procedure;  Ensure  water  has  been  drained  from  humidifier  water  reservoirs. 
Mount  fixtured  humidifier  and  controls  on  vibration  machine.  Vibrate  equipment 


in  all  three  planes.  Following  test,  inspect  equipment  for  damage.  Note  any 
fractures,  misalignment,  etc.  Connect  water  supply  and  operate  humidifier  for  15 
minutes.  Note  any  abnormal  operation.  Verify  humidity  controls  still  function  by 
placing  unit  in  a  humidified  or  dehumidified  atmosphere  and  insuring  switch  opens 
or  closes  as  required  with  continuity  tester. 

Recorded  Data: 

*  Vibration  machine  data  to  verify  input  at  each  of  the  three  planes 

Results  of  physical  examinations 

Record  volts,  amps,  frequency  and  watts  at  start  and  finish  of  15 
minute  operation. 

Results  of  continuity  test 


Mounted  Humidity  Controls 
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HIGH  TEMPERATURE  STORAGE  -  VSE  Performed 
Purpose  of  Test:  To  determine  effect  of  extreme  high  temperature  on  humidifiers 
and  humidity  controls. 

Application  Reouirement:  Humidifiers  and  humidity  controls  shall  not  be  damaged 
and  operation  shall  not  be  impaired  by  storage  at  an  ambient  temperature  of  t60”r 
as  derived  from  AR  70-38. 

Test  Equipment: 

Hot  chambei* 

•  Thermocouplv^ 

-  Water  reservoir 

Continuity  tester 
Time  clock 

Capability  to  produce  a  humidified  or  dehumidified  atmosphere  as 
required. 

Test  Procedure:  Place  humidifier  and  humidity  controls  in  test  oiamber  and  subject 
them  to  160  i  5*F  temperature  for  a  continuous  period  of  4  hours.  After  exposure 
period  remove  test  samples  from  chamber  and  examine  for  deterioration  and 
damage.  Following  examination,  soak  test  samples  at  room  temperature  for  1 
hour.  Operate  humidifiers  for  30  minutes.  Verify  humidifier  controls  still  function 
by  placing  unit  in  a  humidified  or  dehumidified  atmosphere  and  ensuring  switch 
opens  or  doses  as  required  with  continuity  tester. 

Recofded  Data: 

•  Monitor  chamber  temperature  at  beginning  of  4  hour  soak  period 
and  once  very  hour  thereafter.  Record  ambient  temperature 
following  1  hour  soak  period. 

•  Results  of  phydcal  examinations 

•  Results  of  30  minute  operation 

•  Results  of  continuity  test 


6.9  LOW  TEMPERATURE  STORAGE  -  VSE  Performed 

Purpose  of  Test:  To  determine  effect  of  extreme  low  temperature  on  humidifiers 
* 

and  humidity  controls. 

Application  Requirement:  Humidifiers  and  humidity  controls  shall  not  be  damaged 
and  operation  shall  not  be  impaired  by  storage  at  an  ambient  temperature  of  '60°F 
as  derived  from  AR  70-38. 


Test  Equipment: 

•  Cold  chamber 

•  Thermocouples 
Water  reservoir 

•  Continuity  tester 
Time  dock 

•  Capability  to  produce  a  humidified  or  dehumidified  atmosphere  as 
required. 

Test  Procedure;  Ensure  water  has  been  drained  from  humidifier  water  reservoirs. 
Place  humidifiers  and  humidity  controls  in  test  chamber  and  subject  them  to  -60  ± 
5*F  temperature  for  a  continuous  period  of  1 2  hours.  After  exposure  period  remove 
test  umples  from  chamber  and  examine  for  deterioration  and  damage.  Following 
examinations,  soak  test  samples  at  room  temperature  for  1  hour.  Operate 
humidifiers  for  30  minutes.  Verify  humidifiers  controls  still  function  by  placing  unit 
if)  humidified  or  dehumidified  atmosphere  and  ensuring  swKch  opens  or  closes  as 
required  wHh  continuity  tester. 

Recorded  Data: 

•  Monitor  chamber  temperature  at  beginning  of  1 2  hour  soak  period 
ar>d  once  every  hour  thereafter.  Record  ambient  temperature 
following  1  hour  soak  period. 

•  Results  of  physical  examinations 


RcsuHs  of  30  minute  operation 
Rcsiitts  of  continuity  test 
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SOUND  LEVEL  >  VSE  Performed 


Purpose  of  Test:  ^o  determine  sound  level  of  humidifiers  during  operation. 
Application  Requirement:  Humidifier  shall  have  a  dB(A)  criteria  of  no  more  than 
75dB  per  Table  2.  Cat  ?gory  E  of  MIL-STD-1474. 

Test  Equipment: 

Open  field 

•  Sound  level  meter 

•  Water  reservoir 
-  Volt  meter 

Ammeter 
Watt  meter 

Test  Procedure:  Humidifier  shall  be  placed  in  an  open  area  which  simulates  a  free 
field  environment.  Test  should  be  conducted  in  the  early  morning  to  avoid 
excessive  background  noise  levels  caused  by  automobile  traffic,  birds  chirping,  etc 
Connect  water  supply  and  operate  humidifier.  Locate  sound  level  meter  at  the 
same  level  as  humidifier  discharge  and  36*  away  from  humidifier  vertical  center  line 
(se%  Figure  8.). 

Recorded  Data:  Record  sound  levels  at  specified  active  band  frequencies  of  MIL- 
STO-1474.  Record  volts,  amps  and  watts  at  test  initiation. 
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SAMPLE  DATA  SHEET 


Sound  Level  Test 


9  Test  Initiation 

Volta<je 
Tine  (Volts) 


Current  Frequency 

(^)  (HZ) 


Humidifier: 


Power 

(Watts) 


Ortave  band  center 
ftequencies  •*  Hz 


Background 
(db  Max) 


Operational  Humidifier 
Discharge  (db  Max) 


63 

125 

250 

500 

1000 

2000 

4000 

8000 


Bemarks: 


6. 1 1  TILTED  OPERATION  -  VSE  Performed 

Purpose  of  Test:  To  determine  affect  of  a  5®  tilted  orientation  on  humidifiers  or  to 
determine  maximum  allowable  tilt  for  satisfactory  operation  if  less  than  5®. 
Application  Requirement:  Water  shall  not  discharge  from  humidifier  other  than 
through  intended  ports. 

Test  Equipment: 

Wood  wedge  or  some  type  o*  block  with  which  to  impart  a  tilt  to 
test  samples 

Protractor  to  measure  degree  of  tilt 
Water  reservoir 

Test  Procedure:  With  humidifier  non  operational,  observe  unit  to  be  tested  for 
worst  anticipated  tilt  directions  (see  Figure  9.).  Observe  whether  or  not  water  will 
leak  from  pan,  or  heating  elements  (if  applicable)  will  be  exposed  when  tilted  5®. 
Observe  operation  of  float  valve  or  level  sensor.  Partial  disassembly  may  be 
required.  Determine  degree  of  tilt  which  allows  satisfactory  operation.  Block 
humidifier  to  this  degree  of  tilt  and  operate.  Observe  function. 

Recorded  Data:  Record  observations  of  tilted  condition. 
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SAMPLE  DATA  SHEET 


Tilted  Operation  Teat 


Humidifer 


Revilta  of  5°  tilt  observations: 


Beaulto  of  operation  at  maxlnuBi  (up  to  S^)  tilt  angle  which  allows 
aetisf actory  operati<»i: 
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HUMAN  FACTORS  EVALUATION  -  VSE  Performed 


Purpose  of  Test:  To  determine  compatibility  of  humidifiers  and  humidity  controls 
with  MIL-STD-1472. 

Application  Requirement:  Humidifiers  and  humidity  controls  should  be,  to  the 
greatest  extent  possible,  compatible  with  requirements  of  MIL-STD-1472. 
Deviations  from  prescribed  standards  shall  be  documented. 

Test  Procedure:  Humidifiers  and  humidity  controls  will  be  evaluated  by  a  human 
factors  engineer  to  determine  conformance  to  Human  Factors  Engineering  Design 
Criteria  as  described  in  MIL-STD-1472.  Special  design  emphasis  shall  be  given,  but 
not  limited  to,  Paragraphs  4  (General  Requirements),  (5.5  Labeling),  5.9  (Design  for 
Maintainability),  and  5.1 3  (Hazards  and  Safety),  of  MIL-STD-1472,  as  applicable. 
Recorded  Data:  All  comments,  observations  and  recommendations  of  the  human 
factors  engineer  will  be  documented  and  presaibed  in  the  form  of  an  (HFEA) 
Human  Factors  Engineering  Analysis. 
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1.0  FOR  TESTING  ~  GE31EBAL 

.  ItM  rMMQ  for  the  teat  aeries  described  herein  was  to  ascertain 
perforsance  data  with  which  to  evaluate  the  technical  and  operational 
feasibility  of  selected  hunldity  control  equipnoit  for  use  in  the  Air  Force 
'  Aircraft  Service  Shelter.  The  Aircraft  Service  Shelter  is  an  integral  part  of 
the  F-16  saintoiance  ccoplex.  The  approved  teat  plan  on  which  the  ensuing 
testing  is  ^ased,  is  provided  in  Appendix  D. 

2.0  APPUCABLE  DOCUMENTS 

Statesimt  of  Work  and  Services  dated  14  July  1986,  Task  Order  0C24, 
Contract  No.  OMK70-86-£H}023. 

Mn.'>SlD-461;  Electrooagnetic  EMsaion  and  Susceptibility  Requirements  for 
the  control  of  Electromagnetf.c  Interference. 

KIL-STD-462;  Electromagnetic  Interference  Characteristics,  Measurement  of. 

MILHi-%759;  Hunan  Factors  Engineering  Design  for  Army  Materiel. 

MIL-STD-SIO;  Environmental  Test  Methods  and  Engiiwering  Guidelines. 

MIL-<STD-x472;  Human  Engineering  Design  Criteria  for  Military  Systeos, 
Equipment  and  Facilities. 

AR  70-38;  Research,  Development.  Test  and  Evaluation  of  Materiel  for 
Extreme  Climatic  Cooditloos. 

3.0  DESCRIPTIOH  OF  TEST  SAMPLES 

3.1  General.  All  humidity  controls  tested  are  cooaercial  off-the-aholf 
equipment.  Samples  were  chosen  as  a  result  of  a  market  survey  using  criteria 
provided  by  the  Tactical  Shelter  Systesm  DeveloiBmnt  Office,  Hanseem  Air  Force 

Base. 

3.2  Honeywell  Hunldity  Control  (Model  H46C).  The  Honeywell  model  H46C 
contains  a  single  pole,  single  throw  snap  switch  which  closes  on  a  rise  in 
relative  humidity  (RH)  above  the  set  point.  Unit  is  provided  with  a  20-80%  RH 
adjustable  dial  and  positive  on/off  setting  positions  for  manual  operation  of 
controlled  equipmMit.  Unit  possesses  a  51  RH  differential,  tdilch  closes  the 
switch  at  the  set  point  and  will  open  the  switch  at  the  set  point  minus  the 
differential,  unit  is  enclosed  in  a  molded  plastic  case  4-21/32*  x  2-15/16”  x 
1-3/8*  and  includes  an  adapter  plate  for  vertical  switch  box  mounting.  The 
humidlstau  has  lead  wire  connections  suitable  for  up  to  240V  use. 

3.3  tensywell  Hirnddity  ^trol  (Model  H600A).  The  Honeywell  model  H600A 
eontaim  a  single  pole,  double  throw  switch  ^ich  can  be  used  to  control 
either  a  husddifier  or  dehuaidifier.  Unit  is  provided  with  a  20-801  RH 
adjustable  dial.  Unit  possesses  a  5%  RH  differential.  Unit  is  enclosed  in  a 
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Molded  plastic  case  S'-3/4”  x  3-3/8”  x  2-3/16”  and  Includes  a  metal  adapter 
plate  for  switch  box  mounting.  The  hunidistat  has  lead  %rire  connections 
suitable  for  up  to  240V  use. 

3.4  Barber  Colam  Humidity  Control.  The  Barber  Colman  model  HClOl  contains  a 
single  pole,  double  throw  swltdt  which  can  be  used  to  control  either  a 
humidifier  or  dehuwidifier.  Unit  is  provided  with  a  10-90%  RH  adjustable 
dial.  Unit  possesses  a  5%  BH  differential.  Unit  is  enclosed  in  a  molded 
plastic  case  4-3/8"x  2-7/8"x  1-5/8”.  Two  screw  holes  are  provided  in  a 
plastic  backplate  for  mounting.  The  humidistat  has  lead  wire  connections 
suitable  for  iq>  to  240V  use. 

3.5  Abbeon  Cal  HuMdity  C<xitrol.  The  Abbeon  Cal  model  4703-602  is 
manufactured  by  Lufft  of  Germany.  This  unit  indicates  the  ambient  RH  on  a  0- 
100%  RH  face  plate.  The  indicator  or  pointer  which  respcxxls  to  RH  changes  is 
used  as  one  contact  of  the  switch.  Two  additional  pointers  which  are  manually 
adjustable  are  tised  to  ^>en  or  close  control  circuits  in  conjmction  with  the 
RH  indicator.  The  unit  will  control  both  a  humidifier  and  dehunidifier  within 
any  RH  range.  Unit  does  not  possess  a  IRH  differential.  Unit  is  enclosed  in 
a  metal  case  with  a  glass  face  plate.  Unit  is  6”  in  diameter  across  the 
flange  and  1-1/2”  deep.  Three  screw  holes  are  provided  in  the  flanged  metal 
case  for  mounting.  Unit  includes  three  screw  terminals  for  wire  connections 
and  is  only  suitable  for  24V  use. 

4.0  DISPOSITION  OF  TEST  SAMPLES 

All  four  humidity  controls  tested  will  be  kept  at  VSE  Corporation  until 
completion  of  task,  at  which  time  they  will  be  transmitted  to  the 
Environmental  Equlpnent  Division  at  Fort  Belvoir. 

5.0  A3STRACT.  CONCLUSIONS  AND  REOCMOOATIONS 

Four  commercial  humidity  controls  were  tested  to  determine  their  technical 
and  operational  feasibility  for  use  as  part  of  a  hixoldlty  control  system  in 
the  Aircraft  Service  Shelter.  The  hunidity  controls  were  subjected  to  the 
following  tests: 

o  Human  Factors  Evaluation 
o  Initial  Controls  Perfonaance 
0  Vibration 

o  High  Temperature  Storage 
o  Low  Temperature  Storage 
o  Pinal  Controls  Perfonaance 
0  Electromagnetic  Interference  (E21I) 

The  initial  controls  perfonimnce  test  exposed  the  poor  accuracy  of  all  the 
humidity  controls  in  the  ”as  received”  condition  from  the  equipment  su{^lier. 
Any  humidity  control  chosen  for  the  service  shelter  aj^lication  must  first  be 
recalihrated  prior  to  installation. 

Generally,  the  husddity  control  most  compatible  with  the  military 
specification  Mn.-H-759  aiwl  military  standard  MIL-STD-1472  regarding  human 
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factors  is  the  Abbeon  Cal  unit.  This  unit  possess  a  large,  easily  read  and 
understandable  dial  with  an  easily  adjustable  knob. 

All  tmits  endured  the  vibration  and  extreme  high  and  lew  tenperature 
storage  tests  with  ik>  ^^>arent  damage. 

The  final  controls  performance  test  indicated  that  the  Honeywell  model 
H46C  maintained  its  accuracy  better  than  the  other  candidates. 

The  Barber  Colman  and  the  Abbeon  Cal  humidity  controls  exceeded  the 
radiated  EMI  emission  level  limits  inmosed  by  method  RE03  of  MIL-STD-461,  Part 
4  for  transients.  However  all  transient  durations  were  much  less  than  the  1 
second  duration  allowable  for  military  standard  air  conditioners. 

Based  ca  the  test  results  it  is  recomoended  that  the  Honeywell  model  H46C 
be  used  to  control  the  Aircraft  Service  Shelter  dehumidification  equipment  and 
that  its  sister  unit,  the  Honeywell  model  H460  be  used  to  control  the 
humidificaticxi  equipment.  The  task  requires  that  a  continuous  reading  RH 
ijxlicator  be  provided  in  the  shelter.  It  is  reconsnended  that  the  Abbeon  Cal 
unit  be  used  for  this  purpose  and  to  actuate  high  and  low  humidity  alarm 
laove. 

6.0  FACTUAL  DATA  -  TESTING 

6.1  Human  Factors  Evaluation 


6.1.1  Reason  for  Teat.  The  human  factors  evaluation  was  performed  to 
determine  the  compatibility  of  humidity  controls  with  MIL-STD-1472. 

6.1.2  Description  of  Test  Apparatus.  No  other  apparatus  was  required  to 
perform  the  evaluation. 

6.1.3  Test  ^ocedure.  Hixoldity  controls  were  evaluated  by  a  human  factors 
engineer  to  determine  confommnee  to  Human  Factors  Engineering  Design  Criteria 
as  described  in  MIL-STD-1472.  Special  design  enphasls  shall  be  given,  but  not 
limited  to.  Paragraphs  4  (General  Requirements),  5.5  (Labeling),  5.9  (Design 
for  Maintainability),  and  5.13  (Hazards  and  Safety),  of  MIL-STD-1472,  as 
applicable. 

6.1.4  Teat  Rerults  and  Analysis.  Each  humidity  control  was  assessed  in 
accordance  %rlth  standards  set  ^orth  in  MIL-STD-i472 ,  paragraph  5.4  Controls, 
and  other  sections  as  applicable. 

6. 1.4.1  Honeywell  Model  H46C 


Controls 


a.  *ON/OFF*  knob  is  a  circular  fingertip  grasp  type.  Smooth  (not 
serrated)  plastic  %fith  detect  mark  for  identifying  setting/position. 
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b.  Height  of  omtrol  la  3/10”.  It  does  not  meet  the  standard  of  1/2” 
■inliasa. 


c.  Diameter  is  1”.  This  falls  within  established  specifications. 

d.  Torque  values  were  not  assessed  but  seem  to  be  enough  to  prevent 
accidental  movement,  or  vibration**induced  movement. 

e.  Not  sufficient  for  use  with  gloved  or  mlf.ened  hand. 

f.  The  knob  is  a  rotating  type  with  a  fixed  scale,  and  a  pointer /marker 
on  the  knob  edge  for  noting  setting/position. 

g.  The  knob  is  colored  so  as  to  oxitrast  with  face  plate  decal  background 
and  the  position  indicator  is  of  such  axxtrast  to  the  knob  and  scale 
background  to  make  control  position  obvious. 

Control  F\jncti<xis 


To  take  advantage  of  previous  learning,  maximize  transfer  of  training,  and 
minimize  error,  the  control  functions  should  be  standardized: 

a.  The  direction  of  movement  (i.e.  clockwise)  is  in  accordance  vith 
MIL-STDS-1472  and  759. 


b.  The  ”0FF*  directiOT  (i.e.  counterclockwise)  is  in  accordance  with 
MIL-STD6-1472  and  759. 

c.  To  increase  the  amount  of  humidity  the  knob  is  turned  counter 
clodcwise.  This  is  in  direct  conflict  with  MIL-STDS,  i.e.  to  increase, 
movement  should  be  to.  right  and  decrease  to  left . 

d.  The  oxitrol  increments  range  from  20  to  80  in  increments  of  10  with  no 
toiths  divisions. 

General 


a.  Labeling  of  humidity  increments  is  high  contrast  but  lacks  in 
boldness.  Not  in  accordance  with  MIL-STD-1472,  Paragraph  5.5.5  Design  of 
Label/Letter  Characteristics. 

b.  Control  is  mounted  vertically  with  displays  facing  front.  Easily  read 
and  accessed. 

6. 1.4. 2  Honeywell  Model  H&OOA 
Controls 


a.  Control  knob  is  rotating  type  with  fixed  scale  beneath.  No  reference 
mark  or  setting  indicator  is  provided  on  knob. 
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b.  the  cmtrol  knob  is  a  serrated  finger  grasp  type,  circular,  the 
dimensions  (diameter  1/2*.  hei^t  1/4*)  do  not  meet  established  standards. 

Hot  adequate  for  gloved/mi ttened  hand. 

c.  Torque  values  were  not  assessed  but  seem  to  be  sufficient  to  prevent 
accidental  movement  or  movement  by  vibration. 

d.  Knob  is  color  contrasted  with  label  background. 

e.  Knob  is  two  part,  with  finger  grasp  portion  detaching  from  a  larger 
circular  rotary  knob  located  beneath  the  c^trol  box  cover.  The  reference 
mark  for  determining  what  humidity  value  has  been  selected  is  located  on  the 
lower  knob.  However,  the  reference  mark  is  difficult  to  see  when  the  finger 
grasp  knob  is  in  place. 

The  removable  finger  grasp  knob  may  be  a  valid  concept  for  preventing 
tanpering  with  preset  controls  but  it  does  not  (1)  allow  visual  reference  vhen 
setting  the  controls  to  a  particular  humidity  setting  and  (2)  it  will  be  lost, 
thus  encouraging  use  of  other  than  proper  equipment  to  set  humidity  values. 

Control  Functions 


a.  There  are  no  "ON”  "Off”  control  functions  evident.  This  may  be  a 
result  of  lade  of  labeling  or  automated  "ON-OFF"  controls  incorporated  into 
the  unit. 

b.  To  decrease  the  humidity  setting  the  ccxitrol  knob  is  turned  clockwise. 
To  increase  the  BH  setting,  the  control  knob  is  rotated  counterclockwise. 

This  is  ill  direct  ccxiflict  with  MIL-STDS-1472/759  as  clockwise  is  to  increase 
and  counter  clodcwlse  is  to  decrease. 

c.  The  humidity  increments  range  from  20  to  80  in  increments  of  10,  no 
tenths  markings  are  present. 

General 
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a.  The  humidity  setting  indicator  label  is  on  top  of  the  control  unit. 
Thxis: 


1)  The  \2nit  must  be  mounted  lower  than  eye  level  so  pers^Hinel  can 
locate  and  cerate  the  control  knob.  This  effectively  places  the  equipment  in 
a  hei^t  area  extremely  susceptible  to  damage  by  bumping  from  personnel 
equipment,  tools,  etc. 

2)  If  mounted  at  "eye  level”,  the  control  setting  label  cannot  be 
seen  at  all  by  5th  percentile  individual  and  with  varying  degrees  of  parallax 
by  95th  percentile  personnel. 

b.  The  removable  finger  grasp  knob  is  plastic  and  fits  into  a  flanged 
plastic  receiver  in  the  lower  knob.  Repeated  ronoval/replacement  ultimately 
will  knurl  the  turning  knob  shaft  and  render  it  useless. 
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e.  Huoildlty  setting  labeling  is  inadequate  for  visual  acuity  and 
positioning.  Location  of  setting  label  is  not  in  the  optixnum  position. 
Lettering  diaracteristics  of  label  not  in  accordance  with  MlL-STD-1472. 

6. 1.4. 3  Barber  Colman  Model  HClOl 


Controls: 

a.  Control  knob  is  circular,  finger  grasp  type  with  serrated  front. 

b.  Diameter  of  knob  is  1  1/2”  and  is  in  accordance  with  MIL-STDS- 
1472/759.  Height  of  knob  is  1/4”,  not  in  accordance  with  MIL-STDS-1472/755. 

c.  Reference  indicator  is  a  plastic  line,  slightly  raised  above  the  knob 
surface  and  protruding  outward  slightly  from  the  knob’s  edge. 

d.  Reference  indicator  is  the  same  color  as  the  knob,  thus,  lacking  in 
ccHitrast  and  not  in  accordance  with  MIL-STDS-1472/759. 

e.  Torque  values  wre  not  assessed  but  seem  to  be  adequate  to  prevent 
accldmital  movement  or  movement  by  vibration. 

f.  Knob  is  difficult  to  grasp  due  to  extremely  thin  configuration.  Hot 
adequate  for  use  with  gloved  or  mittened  hand. 

Control  functions 


a.  Ho  apparent  "ON”  ■(»T*  control  capability. 

b.  To  decrease  the  baaidity  the  control  knob  is  rotated  counterclockwise; 
to  increase  clockwise.  This  is  in  accordance  with  MIL-S'n)S-1472/759. 

c.  Tae  humidity  increments  range  from  10  to  90  in  increments  of  10.  No 
tenths  markings  are  present. 

General 

a.  Labeling  of  humidity  increments  is  high  contrast  to  background. 

b.  Numerical  figures  are  bold  type  and  can  be  read  easily. 

c.  Control  is  mounted  with  hualdity  increments  facing  front. 

6. 1.4. 4  Abbeon  Cal  Model  4703-602.  This  is  the  only  humidistat  of  the  sample 
group  which  has  an  integral,  controllable  limiting  capability.  There  are 
lower  and  upper  limiting  pointer  switches  on  the  control,  as  well  as  a  pointer 
which  indicates  ambient  hLsaidity  an  the  fixed  readout  scale. 


Oontrolg; 

a.  the  control  knob  Is  centered  on  the  unit.  It  is  3/4”  in  diameter, 
with  serrated  c^lges  and  meets  MIL-STDS.  The  hei^t  is  3/8”  and  does  not  meet 
standards. 

b.  This  is  a  multi-function  knob.  By  merely  turning  the  knob,  either 
clockwise  or  counterclockwise  the  upper  limit  pointer  switch  can  be  adjusted. 
By  pressing  in  on  the  knob  and  turning  it,  the  lower  limit  pointer  switch  can 
be  adjusted  higher  or  lower. 

Control  Functions; 

a.  To  increase  the  upper/lower  limiting  pointers  switches,  the  cmtrol 
knob  is  turned  clockwise,  and  decreased  by  turning  counterclockwise.  %is  is 
in  accordance  %rith  MIL-STES-1472/759. 

b.  The  control  is  a  fixed-scale  moving-pointer  indicator  type  with  the 
numerical  progression  increasing  clockwise.  Also,  all  humidity  indicator 
nuBtoers  are  oriented  in  the  upright  position.  This  is  in  accordance  with  MIL- 
STDS-1472/759. 

General  Information 


a.  The  ”0N”  ”OFF”  functlwi  is  controlled  by  limiting  pointer  switches 
whldi,  when  contacted  by  the  humidity  Indicator  pointer,  completes  an 
electrical  circuit  axvd  t\ims  the  controlled  equipment  ”0N”.  When  contact 
between  the  limiting  pointer  switch  and  indicator  pointer  is  broken,  the 
controlled  equipment  is  deactivated.  Thus,  all  ”0#”  ”0FF”  functions  are 
ctmtrolled  automatically. 

b.  Labeling  is  black  on  white  providing  high  contrast.  Numbers  are 
large,  bold  and  not  visibly  restricted  by  any  pointers.  This  meets  MIL-STDS. 

c.  This  is  the  only  hixoldistat  of  the  sample  group  which  has  a  method  by 
t^lch  actual  ambient  humidity  can  be  determined  visibly. 


6.2  Controls  Perfonaance  ~  Initial 

6.2.1  Beason  for  Test.  The  initial  controls  perfonoance  test  was  performed 
to  determine  the  acairacy  of  humidity  control  upon  receipt  from  sui^lier.  All 
units  displayed  inaccuracies  to  various  degrees.  Units  were  recalibrated  so 
the  effect  of  vibration,  hi^  temperature  and  low  temperature  storage  tests 
could  be  evaluated  during  the  final  controls  performance  test. 

6.2.2  PescrlptiCTi  of  Test  Apparatus.  The  following  equipment  and 
InstrumentatiOT  %iere  used  to  conduct  the  controls  performance  test: 

o  Voodm  Chamber  7*  x  9*  x  7-1/2' lined  with  sheet  plastic  to  Impede 
moisture  loss.  Chamber  t«s  provided  with  a  view  port  and  an  access 
port  through  which  test  Sisoples  within  could  be  handled  with  minimal 
effect  on  inside  conditions. 

o  Huoldifier.  Autoflo  model  L-lOll-K,  4.61  pound  per  hr  capacity. 

o  Continuity  tester,  multi  meter.  Hicrona  model  22-204C. 

o  Mercury  filled  thermooteter.  Miller  and  Weber  Inc. .  SO-ST^^F  range,  S/N 
8L4236.  calibrated  7/1/86,  recalibration  required  6/26/87,  with  woven 
wick  for  wet  bulb  teiperature  reading. 

o  Mercury  filled  thermooieter,  SGA  Co.,  50-870?  range,  S/N  100, 
calibrated  6/30/86,  recalibration  required  6/25/87. 

o  Cardboard  duct. 

o  Water  reservoir,  styrofoam  cup. 

e  Blower,  Dayton  Electric  Hfg.,  model  4C548,  55  cfm. 

o  Air  velocity  meter.  Sierra  Instnments  eodel  441,  0-6000  fpm  range, 
1.0.  no.  2280,  calibrated  9/10/86,  recalibration  due  3/10/87. 

o  Purified  water.  Great  Bear  Spring  Co. 

0  Vrist  wetdi,  Seiko. 

o  Psychroeietrlc  chart,  ASHRAE  peydirooetrlc  chart  no.  1,  sea  level, 
Qorml  temperature. 

6.2.3  Test  ^oc»iure.  Assembled  mercury  thermometers,  cardboard  duct,  water 
reservoir  and  blower  such  that  an  air  flow  of  approximately  600  fpm  is  induced 
over  bulbs  of  thenaoBieters  as  measured  by  air  velocity  meter.  This  served  as 
a  peychroBwter  assembly.  Place  humidity  controls,  humidifier,  c^tinuity 
tester  and  psydiroemter  assembly  in  plastic  lined  chamber.  Initiated 
humidifier  and  Increased  chamber  10!  to  above  50t.  Shut  down  humidifier  and 
allowed  diamber  BH  to  stabilize  or  gradually  decrease.  Testing  must  be 
accomplished  %rlthin  a  351-554  BH  range. 


K  no  wdmte  chanber  EIH  stabilization  period  vas  t^iserved  idiere  the  rate  of 
BB  decrease  wm  gradual  for  30  ainutes.  A  gradual  BH  decline  resulted  since 
the  plastic  lined  chamber  was  not  lOOt  air  tight.  Ujmidlty  control  circuit 
trip  points  were  then  determined,  and  their  proximity  to  the  actual  chamber 
condition.  Circuit  trip  points  t#ere  determined  by  rotating  the  hmiidity 
control  adjxisting  knob  so  that  the  ccntrol  switch  just  closes  as  verified  by 
continuity  tester.  The  control  adjusting  knob  SH  setting  was  then  compared  to 
ttie  actual  chamber  BH  as  determined  by  the  psychrcmeter  assembly  and  the 
psychrouetric  chart.  Control  differentials  were  determined  by  rotating 
adjusting  knob  in  the  opposite  direction  until  control  switch  just  opens  its 
internal  circuit  as  verified  by  continuity  tester.  The  Abbeon  Cal  control  was 
tested  by  observing  the  BH  li^icated  by  ics  direct  reading  dial  aixd  coaf>arlng 
with  actual  condition.  The  difference  between  the  various  control  knob 
settings  at  switch  actiiation  (or  direct  reading  dial)  and  the  chamber  BH  were 
recorded.  When  this  difference  exceeded  1/21  BH  the  control  was  recalibrated. 
Becalibration  involved  rotating  the  BH  adjusting  knob  to  the  ami  lent  BH 
condition.  The  housing  of  the  control  was  then  removed  to  expose  the 
calUxration  screw.  The  calibration  screw  was  adjusted  until  the  control 
switch  closed  at  the  actual  chamber  BH.  The  Abbeon  Cal  control  was 
recalibrated  by  adjusting  its  calibration  screw,  until  the  BH  Indicated  on  its 
dial  corresponded  to  ambient  condition. 

6.2.4  Test  Besults  and  Analyses.  It  should  be  noted  that  the  humidity 
controls  ikH  setting  scales  were  divided  into  incremmits  of  lOt.  It  is 
therefore  very  difficult  to  accurately  judge  what  the  BH  set  point  is.  The 
Abbeon  Cal  unit  is  the  exception  since  this  ixiits  scale  is  divided  into  2t  BH 
IncrcBBnts. 

All  four  huBldlty  control  set  points  differed  from  the  actual  BH  condition 
by  more  than  l/2t  BH  as  visually  perceived  by  test  personnel.  All  were 
recalibrated.  Becalibration  requires  the  use  of  an  1/8”  hex  head  to  adjust 
the  calibration  screw  of  the  Hcxieywell  H46C  and  H600A  units.  The  Barber 
Colaan  unit  requires  a  1/16*  alien  head  to  adjust  its  calibration  screw.  The 
Abbeon  Cal  unit  requires  a  aoiall  straight  edge  screw  dzlver.  The  n  suits  of 
the  test  are  smaarized  in  Table  1.  It  is  very  apparent  that  all  the  humidity 
controls  were  inaccurate  upon  receipt.  Should  any  of  the  tested  humidity 
controls  be  used  in  the  Aircraft  Service  Shelter,  they  must  first  be 
recalibrated  before  being  installed.  Effect  of  vlbraticxi,  high  temperature 
storage  and  low  temperature  storage  on  units  accuracy  will  be  determined  in 
the  final  controls  performance  test.  Data  sheet  for  this  test  is  provided  in 
Appendix  A. 


tabl«  1.  Initial  Control  Performance  Test  Sunmary 


Humidity  Control 

Actual 
Ambient 
\  PH 

Control 

Set  Point 
at  Svltdi 
Closing  X  PH 

Cc»trol 

Error 

X  PH 

Control 
Differential 
t  PH 

Abbeon  Cal  4703-602 

49 

61  (Indicator 
Beading) 

12 

N/A 

Bomywsll  H600A 

48 

34 

14 

2 

Bonayuell  E46C 

47 

SO 

3 

3 

Barber  Colman  HClOl 

47 

52 

5 

4 

B 

I 

I 

i 

I 

I 

I 

1 

i 

E 

i 

i 
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4<.3  VUaration 

6.3.1  General.  The  actual  vibration  test  was  performed  at  National  Technical 
SysteoB  ^NTS)  in  Hartwood,  Virginia.  The  operation  dteck  out  following 
vibration  was  performed  at  VSE. 

6.3.2  Reason  for  Test.  Vibration  test  was  performed  to  determine  the  effect 

of  transportLatinn  vibration  on  humidity  controls. 

6.3.3  Description  of  Test  Apparatus.  The  following  equipment  and 
Instrumentatim  were  used  to  conduct  the  vibration  test: 

o  Vibration  Exciter,  MB  Electronics,  model  C210.  ID  no.  0  6306  D  (NTS 
Bqpiipaent). 

0  Vibration  Coitrol  System.  Hewlett-Packard,  ID  no.  0  6054  D,  calibrated 
6/5/86,  recalibration  due  6/5/87  (NTS  Equipment). 

o  Accelerometer,  PCB,  ID  no.  D  6155  D,  calibrated  12/2/86,  recalibration 
due  6/2/87  (NTS  Equipment). 

o  Power  Sui^ly,  PCB,  ID  no.  D  6093  D,  calibrated  11/11/86,  recalibration 
due  5/11/87  (NTS  Equipment). 

o  Fixture.  alvaainuB  base  plate  and  aluminum  angle  for  mounting  humidity 
controls. 

o  Continuity  tester,  multi  meter,  Hicrona  model  22-204C. 

6.3.4  Test  Procedure.  Fixtured  humidity  controls  were  r^unted  on  vibration 
machine.  Equipment  was  thai  vibrated  in  accordance  with  MIL-STD-810,  Method 
514.3,  Table  514.3-1,  Category  1,  Test  Procedure  1,  Figtires  514.3-1  through  3. 
Equipment  was  vibrated  in  three  planes  (longitudinal,  transverse,  vertical) 
for  a  duration  of  30  minutes  per  plane.  Humidity  controls  were  mounted  in 
their  normal  operating  position  throughout  vibration  test.  Vibration  inputs 
were  monitored  by  averaging  responses  of  four  accelerometers  located  in  four 
comers  of  base  plate  fixture.  Verified  humidity  controls  still  functioned 
following  vibration  by  rotating  control  knobs  and  insuring  switches  opened  and 
closed  as  required  with  contimiity  tester.  Observed  units  for  any  evidence  of 
damage. 


6.3.5  Test  Results  and  Analyses.  All  hunidity  controls  endiured  the  vibration 
test  %rithout  mishap.  No  physical  damage  to  the  controls  could  be  detected. 

The  continuity  tests  proved  that  the  internal  switch  of  each  control  still 
functioned  properly.  Data  sheet  is  pro\'’lded  in  Appendix  A. 
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6.4  Tggperature  Storage 

6.4.1  Beaaon  for  Test.  High  taaperature  storage  test  %as  performed  to 
determine  the  effect  of  extreme  high  temperature  on  humidity  controls. 

6.4.2  Description  of  Test  Apparattis.  The  following  equipment  and 
instrunmitation  were  used  to  conduct  the  high  temperature  storage  test: 

o  Environoiental  chaser  manufactured  by  Thenaotron.  Chamber  volume  is 
38*  X  38"  X  38"  with  a  temperature  range  of  ■♦■2650F  to  -100®F. 

o  Thermocouple  indicator.  Thermo  Electric,  18  diannel. 

0  Thermocouple,  copper-constantan. 

o  Coatinuity  tester,  milti  meter,  Hicrona  model  22-204C. 

6.4.3  Test  Procedure.  Humidity  cmtrols  were  placed  in  test  chamber  and  the 
chaster  then  stabilized  at  160  +5^F.  Chaster  temperature  was  verified  with 
thermocouple.  Controls  were  soaked  at  160  +5^  for  a  minimum  continuous 
period  of  4  hours.  After  exposure  period,  test  satples  were  removed  from 
chamber  and  examined  for  deterioration  and  damage.  Follcwing  examination, 
teat  samples  were  soaked  at  room  temperature  for  1  hour.  Humidity  control 
function  was  verified  by  rotating  control  knobs  and  insuring  switches  opened 
and  closed  as  required  trith  continuity  tester. 

6.4.4  Test  Results  and  Analyses.  All  humidity  controls  endured  the  high 
teaperature  storage  test  %ritimut  mishap.  Ho  physical  damage  or  deterioration 
could  be  detected.  The  continuity  tests  proved  that  the  internal  switch  of 
each  control  still  functioned  properly.  Initially  it  appeared  that  the  Abbeon 
Cal  unit  was  damaged  following  this  test.  The  unit  appeared  not  to  respoiid  to 
the  ambimt  humidity  several  hours  following  test.  However,  unit  appeared  to 
track  humidity  normally  the  followixig  day.  Data  sheet  is  provided  in  Appendix 
A. 
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6.5  Loir  Teaperature  Storage 

1.5.1  Beaacn  for  Test.  Low  teoperature  storage  test  was  performed  to 
determine  the  effect  of  extrane  low  teiqperature  on  humidity  controls. 

6.5.2  Description  of  Tey:  Apparatus.  Ihe  following  equipment  and 
instrumentati^  were  used  to  oonduct  the  low  tenperature  storage  test: 

o  Ehvlroaoental  chamber  owunufactured  by  Thermotron.  Chamber  volume  is 
38*  X  38"  X  38"  with  a  temperature  range  of  +2650F  to  -lOO^F. 

o  Thermocouple  indicator.  Thermo  Electric,  18  channel. 

o  Thermocouple,  copper-cons tantan. 

o  Oontinulty  tester,  multi  meter,  Hlcrona  model  22-204C. 

6.5.3  Test  Procedi^e.  Hunidity  ccxitrols  were  placed  in  teat  chamber  and  the 
chamber  then  stabilized  at  -60  -t-S^F.  Temperature  was  verified  with 
thermocouple.  Controls  were  soiked  at  -60  ;f5*^F  for  a  minimum  continuous 
period  of  12  hours.  After  exposure  period, *~test  samples  \#ere  removed  from 
chamber  and  examined  for  deteriorati^xi  and  damage.  Following  examination, 
test  sanples  were  soaked  at  room  teoperature  for  1  hour.  Hunidity  control 
function  was  verified  by  rotating  control  knobs  and  insuring  switches  opened 
and  closed  as  required  with  continuity  tester. 

6.5.4  Test  Results  mod  Analyses.  All  humidity  controls  endured  the  low 
temperatuire  test  without  misnap.  No  physical  damage  or  deterioration  could  be 
detected.  The  continuity  tests  proved  that  the  internal  swltcdies  of  eadi 
control  still  functioned  properly.  Data  sheet  is  provided  in  Appendix  A. 


6.6  Qootrolg  Performance  -  Final 

6.6.1  Rftaaon  for  Test.  Final  ccnitxol  perfonoance  test  was  performed  to 
evaluate  the  iispact  of  vibratl<»,  high  teoiperature  storage  and  low  tesi^erature 
storage  tests  on  accuracy  of  husiidity  controls. 

6.6.2  Description  of  Test  Apparatus.  The  test  apparatus  used  was  identical 
to  that  used  for  the  Initial  ^trols  performance  test  (see  section  6.2.2). 

6.6.3  Test  Procedure.  The  test  procedure  was  identical  to  the  test  procedure 
followed  for  the  initial  controls  perforaance  test  with  the  exception  that  the 
controls  were  ix>t  recalibrated  (see  section  6.2.3). 

6.6.4  Test  Results  agxi  Analyses.  It  should  be  iwted  that  the  humidity 
controls  BH  setting  dials  t#ere  divided  into  increments  of  lOt.  It  is 
therefore  very  difficult  to  accurately  judge  what  the  RH  set  point  is.  The 
Abbeon  Cal  unit  is  the  exception  since  this  units  scale  is  divided  into  2t 
increments. 

The  results  of  the  final  controls  performance  test  are  sixaiarlzed  in  Table 
2.  The  humidity  coitrol  that  maintained  the  best  accuracy  was  the  Honeywell 
H46C.  The  unit  differed  from  the  actual  BH  by  only  It  BH.  The  Barber  Colman 
control  was  the  least  accurate  as  it  differed  from  the  actual  BH  by  9t  BH. 

This  inaccuracy  may  be  explained  by  the  proximity  of  its  calibration  screw  to 
one  of  its  mounting  screws.  The  units  were  mounted  and  unmounted  many  times 
during  the  course  of  testing.  One  could  not  help  but  ccmtact  the  Barber 
Colman  calibration  screw  during  mounting.  This  may  have  affected  its 
accuracy.  The  Honeywell  H6O0A  was  off  by  31  BH  and  the  Abbeon  Cal  control  was 
off  by  5%  BH. 

Prior  to  the  final  control  performance  test,  data  was  recorded  on  the 
response  of  the  Aldseon  Cal  uuit.  Approximately  90  minutes  of  data  was 
recorded.  The  unit  appeared  to  track  increases  in  BH  relatively  well.  The 
\ailt  appeared  to  lag  decreasing  BH  by  ap^oximately  51  BH.  Data  sheet  is 
provided  in  Appendix  A. 

It  tas  noted  that  each  of  the  four  humidity  controls  were  inaccurate  on 
the  high  side.  That  is,  each  indicated  a  higher  BH  than  the  ambient.  This 
may  be  due  to  the  controls  response  time  coming  into  play.  The  chamber 
conditions  were  kept  as  stable  as  possible  however  the  ank>lent  BH  was 
gradually  falling  at  a  rate  of  approximately  3-l/3t  BH  per  hour.  Data  sheet 
for  this  test  is  provided  in  Appendix  A. 
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Table  2.  Fixul  Control  Performance  Test  SuoDmary 


Humidity  Control 

Actual 

Ambient 

1  PH 

Control 

Set  Point 
at  Svitdi 
Closinq  t  PH 

Control 

Error 

X  PH 

Control 

Differential 

X  PH 

Abbeon  Cal  4703-602 

38 

43  (Indicator 
Peading) 

S 

N/A 

Honeywell  H600A 

39 

42 

3 

2 

Honeywell  H46C 

39 

40 

1 

5 

Barber  Colman  HClOl 

38 

47 

9 

4 
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6.7  ElectroBagnetlc  Interference  (Pg) 

6.7.1  Gttfieral.  The  EMI  test  %es  perfonoed  by  the  Honeywell  Signal  Analysis 
Center  in  Annapolis.  Maryland. 

6.7.2  Reasoi  for  Test.  EMI  testing  was  performed  on  humidity  COTtrols  to 
evaluate  the  equlpooents  electromagnetic  transient  emissions  In  accordance  with 
MIL-STD-461.  Transient  radiated  emissions  were  compared  with  limits  imposed 
by  method  RE02  of  MIL-STD-461,  Part  4. 

6.7.3  Description  of  Teat  Apparatus.  The  equipnent  and  instrumentation  used 
by  ik»eywell  to  conduct  the  EMI  test  are  listed  in  Appendix  C. 

6.7.4  Teat  Procedure.  The  huDddity  controls  were  wired  in  series  with  a 
120/24V  transformer  and  a  10  ohm  resistor  ehlch  simulated  the  poefer  relay  coll 
in  the  humidifier  24V  control  circuit.  The  humidity  controls  were  tested  in 
accordance  %rlth  test  procedures  specified  in  MZL-STD-462.  The  humidity 
controls  were  tested  for  transient  emissions  and  compared  with  lixolts  imposed 
by  method  RE02  for  radiated  emissions  of  MIL-srD-461.  Part  4.  Antenna 
equipment  was  oriented  at  one  meter  distance  from  test  unit. 

6.7.5  Test  Reaulto  and  Analyses.  '  The  transient  emissions  for  Barber  Colman 
and  the  Abbeon  Cal  humidity  ointrols  exceeded  the  radiated  limits  imposed  by 
BE02.  Military  standard  air  conditioners  are  allowed  transients  whidi  exceed 
RE02  limits  only  if  the  transients  are  less  than  1  second  in  duration.  The 
observed  transients  for  the  huoidlty  controls  were  less  than  1  second  in 
duration.  EMI  testing  performed  by  the  Belvoir  REXtE  Center  on  the  heat  pump 
used  in  the  Aircraft  Service  Shelter  demonstrated  that  this  unit  also  exceeds 
the  BE02  limits  for  transients.  VSE  believes  the  transient  emissions  for  the 
hunidity  controls  will  not  pose  a  problaa  in  the  service  shelter  and  that 
equipment  modifications  are  unnecessary.-  Data  sheets  are  provided  in  Appendix 
C. 
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APPENDIX  A 


VSE  TEST  DATA  SHEETS 
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APPENDIX  B 


NATKXIAL  TECHNICAL  SYSTEMS 
TEST  DATA  SHEETS 
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Tsst  Equi|HMnt  List 


MC»1ENCLATUKE 

MANUFACTURER 

MODEL 

NUMBER 

PROPERTY 

NUMBER 

.CALIBRATION 
DUE  DATE 

Spcctnm  Analyzer 

HP 

8568B 

6372 

20  FEB  87 

Disc  Drive 

HP 

82901M 

6385 

20  FEB  87 

Monitor 

HP 

216 

6386 

20  FEB  87 

Plotter 

HP 

7475A 

6356 

20  FEB  87 

Eicon  Antenna 

EMCO 

3104 

5313 

24  MAR  87 

Rod  Antenna  40** 

Honeywell 

2825 

4602 

10  AUG  87 

Log  Spiral  Antenna 

EMCO 

3101 

5398 

10  OCT  87 

Current  Probe 

Stoddard 

91550-1 

0252 

24  OCT  87 

Preamp 

Avantek 

AHL-500B 

5438 

23  DEC  87 

Preaap 

ASI 

8375 

6197 

3  DEC  87 

Attenuator 

HP 

8496B 

6244 

3  JUL  87 

Data  Sbaat  A-S.  Honeyvall  Concrollar  H/N  U46C  Tesc  Reaulta,  RE02,  BB 


SIGNAL  ANALYSIS  CENTER 
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1.0  REASON  FOR  TESTING  •  GENERAL 

The  reason  for  the  test  series  described  herein  was  to  ascertain 
performance  data  with  which  to  evaluate  the  technical  and  operational 
feasibility  of  selected  humidification  equipment  for  use  in  the  Air  Force 
Aircraft  Service  Shelter.  The  Aircraft  Service  Shelter  is  an  integral  part  of 
the  F-16  maintenance  complex.  The  approved  test  plan  upon  which  the  ensuing 
test  is  beised,  is  provided  in  /ippendix  D. 

2.0  APPLICABLE  DOOWENTS 

Statement  of  Work  and  Services  dated  14  July  1986,  Task  Order  0024, 
Contract  No.  DAAK70-86-D-0023 . 

HIL-STD-461;  Electroamgnetic  Emission  and  Susceptibility  Requirements  fur 
the  control  of  Electromagnetic  Interference. 

MIL-STD-462 ;  Electromagnetic  Interference  Characteristics,  Measurement 
of. 


MIL-P-514;  Plates,  Identification.  Instruction  and  Marking,  Blank. 

MIL-M-759:  Human  Factors  Engineering  Design  for  Ansy  Materiel. 

MIL-Sn>-810;  Environmental  Test  Methods  and  Engineering  Guidelines. 

MIL-STD-1472:  Kuaan  Engineering  Design  Criteria  for  Military  Systems, 
Equipment  and  Facilities. 

MlL-STD-1473;  Standard  General  Requirements  for  Color  and  Marking  of  Army 
Materiel. 

AR  70-38;  Research,  Development,  Test  and  Evaluation  of  Materiel  for 
Extreme  Climatic  Conditions. 

3.0  DESCRIPTION  OF  TEST  SAMPLES 

3.1  General .  Two  steam  generator  humidifiers  %#ere  procured  for  testing  as  a 
result  of  a  market  survey  and  selection  criteria  provided  by  the  Tactical 
Shelter  Systems  Office  at  Hanscom  Air  Force  Base. 

3.2  Drl  Steeg  Humidifier  Mcxiel  The  Drl  Steem  humidifier  is  a  steam 

generation  unit  with  a  rated  capacity  of  6  pounds  per  hour.  The  humidifier 
possesses  a  stainless  steel  evaporating  <diamber  with  a  single  2kV  heating 
element.  Evaporating  chamber  %«ater  level  Is  sensed  by  a  three  probe 
conductivity  sensor  which  cycles  on  and  off,  a  solenoid  operated  fill  valve 
and  the  heating  element.  The  unit  possesses  a  drain/flush  feature  designed  to 
increase  time  between  servicing.  An  internal  control  eodule  contains  an 
integral  electronic  timer  wtildi  accvmulates  humidifier  "ON”  time.  When 
accumulated  ”0N”  time  reaches  the  timer  set  point,  the  drain/flush  cycle 
operates  for  10  minutes.  The  unit  contains  a  265  cfm  blower  which  distributes 
the  emitted  steam  throughout  the  conditioned  space.  Evaporating  chamber. 


junction  box  and  blower  assembly  are  housed  within  a  heavy  gauge  steel 
cabinet.  The  unit  is  120V,  single  phase,  60Hz  and  weighs  118  pounds 
operating. 

3.3  Autbflo  Humidifier  Kodel  L-lOll-K.  The  Autoflo  humidifier  is  a  steam 
generation  unit  with  a  rated  capacity  of  4.6  pound  per  hour.  The  humidifier 
possesses  a  stainless  steel  heated  pan  with  a  single  1.41tV  heating  element. 
The  pan  water  level  is  controlled  by  a  float  valve  arA  low  water  protection  x 
provided  by  a  float  switch.  Steam  dispersion  is  accomplished  with  a  fan 
assembly.  A  simple  shaded  pole  electric  motor  with  a  plastic  axiai  fan  is 
mounted  in  a  sheet  metai  housing.  The  unit  is  120V,  single  pnase,  60Hz  and 
weighs  35  pounds  operating. 

4.0  DISPOSITION  OF  TEST  SAMPLES 

The  two  humidifiers  tested  will  be  kept  at  VSE  Corporation  until  task 
completion,  at  which  time  they  will  be  transmitted  to  the  Environmental 
Equipment  Division  at  Fort  Belvoir. 

5.0  .ABSTSACT,  CONCLUSIONS  AND  PECCKMENDATICNS 

Two  commercial  steam  generation  humidifiers  were  tested  to  determine 
their  technical  and  operational  feasibility  for  use  as  part  of  a  humidity 
control  system  in  the  Aircraft  Service  Shelter.  The  humidifiers  were 
subjected  to  the  following  tests: 

-  Kixun  Factors  Evaluation 

”  Sound  Level 

-  Tilted  Operation 

-  Variable  Voltage  and  Frequency 

-  Capacity 

•  -  Vibration 

-  High  Temperature  Storage 

-  Low  Teoperature  Storage 

*  Electromagnetic  Interference  (EMI) 

The  huaan  factors  evaluation  revealed  that  a  significant  burn  hazard 
exists  %rith  both  humidifiers.  The  Dri  Steem  unit  has  an  exposed  steam 
distribution  tube.  The  Autoflo  unit  has  an  unguarded  back  which  allows  tne 
possibility  of  coming  in  contact  with  the  heated  water  and  the  rotating  fan. 
The  Dri  Steem  unit  is  a  two  man  lift.  No  handles  are  provided  for  safe 
lifting.  The  potential  for  lacerating  personnel  exists  with  the  Autoflo  unit 
since  comer  edges  of  the  housing  are  not  radiused  or  buffed. 

Rotti  humidifiers  demonstrated  very  low  sound  levels. 

Neither  humidifier  will  function  properly  when  tilted  5®  in  certain 
directions.  The  maximum  allowable  tilt  for  cne  Dri  Steem  unit  is  2®,  and  the 
maximum  allowable  tilt  for  the  Autoflo  unit  is  1®.- 

Both  hunidifiers  operated  satisfactorily  during  each  of  the  four 
coffibinaticms  of  variable  voltage  and  frequency  tested. 


The  humidifiers  were  undaKvaged  and  functioned  properly  following  the 
vibration  test. 

Capacity  tests  demonstrated  that  neither  humidifier  met  the  5.4  pounds 
per  hour  minimum  acceptable  capacity.  TVc  Autoflo  units  would  be  necessary  to 
meet  minimum  capacity,  or  use  of  a  single  208  Vjlt  version  of  the  unit.  The 
Dri  Steem  unit  possesses  a  cycling  refill  mode  which  greatly  reduces  the 
effective  rate  of  humidification.  The  method  for  refill  .must  be  modified  to 
make  this  unit  acceptable.  Another  option  is  to  use  the  208V  version  wnic.n 
has  twice  the  rated  capacity. 

The  humidifiers  were  undamaged  and  functioned  properly  following  the  :..ev. 
and  low  temperature  storage  tests. 

Both  humidifiers  were  below  the  conducted  and  radiated  EMI  emission  level 
limits  imposed  by  methods  CE03  and  RE02  of  MIL-STD-461,  Part  4  for  steady 
state  conditions.  The  units  exceed  the  limits  for  tra-nsients,  however  all 
transient  durations  were  much  less  than  the  1  second  duration  allowable  for 
military  standard  air  conditioners. 

Based  on  the  test  results  it  is  recomnended  that  the  Dri  Steem  model  VM2 
be  used  to  humidify  the  air  within  the  Aircraft  Service  Shelter.  Use  of  t.ic 
VM2  will  require  modifications  for  achieving  the  necessary  capacity  and  other 
modifications  deemed  necessary  for  human  factors  compatibility,  etc. 

6.0  FACTUAL  DATA  -  TESTING 

6.1  Human  Factors  Evaluation.  The  human  factors  engineering  (HFE)  assessme.nt 
of  the  two  humidifiers  was  performed  using  established  military  standards  anu 
guidelines  as  documented  in  MIL-STD-1472,  Human  Engineering  Design  Criteria 
for  Military  Systems,  Equipment  and  Facilities  and  MIL-H-759,  Human  Factors 
Engineering  Design  for  Army  Materiel. 

6.1.1  Reason  for  Evaluation.  The  humidifiers  were  assessed  for  human  factors 
to  determine  their  compatibility  with  MIL-STD-1472  and  MIL-H-759. 

6.1.2  Description  of  Evaluation  Apparatus.  The  following  equipment  and 
instrumentation  were  used  during  this  evaluation: 

-  Thennocouple  indicator,  Thermo  Electric,  13  channel 

-  Thermocouple,  copper-constantan 

-  Comaon  screwdriver 

6.1.3  Evaluation  Procedure.  Tlie  humidifiers  were  evaluated  by  a  hum-n 
factors  engineer  to  determine  conformance  to  Human  Factors  Engineering 
principles  and  practices  as  described  in  MIL-STD-1472  and  MlL-H-759.  Speciaj. 
design  emphasis  was  given,  but  not  limited  to.  Paragraphs  4  (General 
Requirements),  5.5  (Labeling),  5.9  (Design  for  Maintainability),  and  5.12 
(Hazards  and  Safety),  of  MIL--STD-1472 ,  as  applicable. 

Evaluation  Results  and  Analyses 
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6. 1.4.1  Drl  Steea  Model  VM2.  The  unit  electrical  rating  is  120VAC,  1  phase. 
60Hz,  ZOarap.  Unit  is  two  part  with  the  fan  distribution  section  weighing  J5 
pounds  and  the  humidifier  section  weighing  83  pounds.  Total  operating  weight 
is  118  pounds. 

a.  Unit  is  a  two  person  lift  minimum.  There  are  no  handles  for  lifting. 

b.  Distance  between  bottom  of  cabinet  and  floor  is  inadequate  for 
gripping  and  lifting,  and  even  if  adequate  would  put  undue  strain  on  iircino 
personriel  due  to  awkward  positioni.ng.  Also,  sections  are  not  secured  tocet;..- 
and  could  separate  while  being  lifted. 

c.  .Exterior  cover  is  smooth,  providing  no  gripping/lifting  capability. 

d.  Unit  has  no  wheels,  thus  mobility/transportability  is  limited. 

e.  Exterior  finish  unknown.  No  tests  were  completed  to  determine 
ability  to  withstand  oils,  lubricants,  fuels,  cleaners  etc. 

f.  The  t%»  flat  surfaces  on  the  exterior  top  of  the  unit  sections 
provide  an  area  to  rest  tools,  parts  etc.  This  may  be  acceptable,  however, 
the  steam  dispersion  irtinifold  on  the  humidifier  sections  presents  a  distinct 
bum  hazard  when  reaching  for  articles  resting  on  the  tcp. 

g.  Metalwork  on  cabinets  is  adequate  to  eliminate/reduce  cutting, 
snagging  of  personnel/clothing. 

The  unit  is  composed  of  a  humidifier  section  and  a  fan  distribution 
section.  Evaluation  of  each  is  presented  respectively. 

h.  Huzrddifier  Section 


-  Caution  sign  not  in  accordance  with  MIL-cT!>-1472/'MIL-P-514/KIL- 
STD-1473. 

-  Terminal  block  not  labeled  Jl,  J2,  etc. 

-  Hot  tares  not  labeled  (all  are  colored  red). 

“  Lead/tenninal  connections  to  PC  boards  are  color  coded,  not 
labeled. 

-  Hot  wires  have  no  connectors,  just  bare  wire. 

-  Instruction  placard  on  side  of  electrical  wiring  bulkhead  shouic 
be  a  caution.  A  separate  ir.struction  placard  should  be  attached  in 
an  area  unobstructed  by  other  components. 

-  A  strain  relief  should  be  used  for  main  lead-in  wires. 
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-  There  is  ample  area  for  accessing  components. 

-  Has  %«ter  outlet  to  provide  for  drainage  and  overflow  protection. 

i.  Fan  Distribution  Section 

-  Labels  inadequate;  not  positioned  to  be  obvious  to  personnel:  not 
in  accordance  with  MIL-STD-1472  for  character  configuration  and 
color. 

-  Electrical  terminals  inadequately  labeled. 

-  Cabinet  finish  is  adequate. 

-  Interior  cabinet  flanges  should  be  radiused  (.03  min)  to  prev-.-nt 
snagging/cutting  of  personnel/clothing. 

-  Steam  distribution  tube  is  open  and  accessible  fron  exterior  of 
cabinet.  This  is  a  bum  hazard.  The  surface  temperature  of  the 
tube  is  ISO^’F  as  measure  with  thermocouple.  No  protective  guard 
is  present. 

-  No  warning  label  on/around  steam  distribution  tube  warning  of 
excessive  temperature. 

j.  Front  Panel 

-  Panel  lights  are  positioned  as  follows: 

Color  of  light  is  in  (  ) 

Fill  Ready  Drain 

(Yellow)  (Green)  (Red) 

-  Color  of  lights  and  their  associated  functions  are  not  in 
accordance  with  MIL-STD-1472,  i.e.  a  red  light  indicates 
malfunction,  failure,  system  damage,  etc.  Lights  should  be  green 
or  white.  Any  fault  detections  should  be  red/yellow. 

6. 1.4.2  Autoflo  Model  L-lOll-K.  The  unit  electrical  rating  is  120VAC,  1 
phase,  60Hz,  i^amp.  Unit  is  single  piece  tdiich  is  capable  of  being  separated 
into  the  fan  distribution  section  and  humidifier  section.  Total  operating 
weight  is  35  pounds  which  is  well  within  single  person  lift  capability.  No 
handles,  but  unit  is  small  enough  and  light  enough  to  be  carri^  by  one 
person. 


a.  Water  Holding  and  Heating  Section 

-  Encoa{:as8es  lower  part  of  the  unit. 

-  Has  water  inlet  to  allow  %«ter  reservoir  to  fill  to  a  specific 
level.  Water  level  controlled  by  a  float  valve. 
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“  Has  water  outlets  to  provide  for  drainage  and  overflow  protection. 

-  Both  inlet  and  outlet  are  standard  3/4”  nominal  pipe. 

*  Cover  cape  for  inlet/outlet  are  not  captive,  thus  increasing 
possibility  of  loss. 

-  Fill  tank  is  stainless  steel  to  prevent  corrosion. 

-  Electrical  control  unit  is  attached  to  front  of  unit,  covered  wiin 
a  reiDOvable  panel  attached  by  several  screws. 

~  Water  holding  tank  and  heating  element  are  exposed  from  the  rear 
of  the  unit.  The  operating  temperature  of  the  water  is  as 

measured  with  thermocouple.  This  presents  a  definite  burn  hazard. 
No  labels  are  posted  anywhere  on  the  unit  warning  of  this  danger. 

~  The  holding  tank  la  separated  from  the  outer  cabinet  skin,  thus 
reducing  unit  exterior  tesoperature  to  a  non-hazardous  level. 

b.  Electrical  Controls 


-  Wires  are  color  coded,  however,  terminals  are  .not  identified. 

-  Accessibility  to  electrical  connections/components  is  good,  once 
cover  is  removed. 

-  Cover  is  secured  with  six  screws  thus  reducing  potential  for 
accidental  removal. 

c.  Dispersion  Fan  and  Housing  Section  ' 

-  Housing  fits  atop  water  holding  and  heating  section. 

-  Intake  fan  is  located  at  front  of  unit,  drawing  in  air  and  pushing 
it  across  heated  (boiling)  water. 

-  Rear  of  housing  is  totally  open  -  possibly  to  allow  attachment  ut 
dLict%K>rk,  but  tf  no  duct  is  present,  boiling  water  and  resistance 
coils  are  accessible. 

-  Comer  edges  of  housing  are  not  radiused  nor  buffed,  creating 
cutting/snagging/puncture  hazards. 

-  From  the  rear  of  the  unit  the  fan  has  no  guard  over  the  rotating 
blades.  Blades  are  plastic  with  honed  edges.  Fan  is  not 
accessible  from  front  of  unit  as  it  is  covered  with  an  inlet 
grill/guard. 


6.2  Sound  Level 


6.2.1  Reason  for  Test.  Test  was  performed  to  determine  sound  level  of 
humidifiers  during  operation. 

6.2.2  Description  of  Test  Apparattis.  The  following  instrumentation  was  useo 
to  conduct  the  sound  level  test: 

Sound  level  meter,  GenRad  model  1988.  0-140  dB  range,  ID  no.  0056:; 3. 
calibrated  10/13/86,  recalibration  due  4/13/37. 

6.2.3  Test  Procedure.  Humidifier  was  placed  in  a  large  quiet  room.  The 
background  noise  level  was  measured.  The  "A"  weighted  decibel  levels  were 
recorded  at  36"  and  1"  distances  from  the  humidifiers  in  the  front,  left  side, 
right  side,  and  rear  positions.  Readings  were  taken  in  tne  octave  band  cer.ie: 
frequencies  with  the  sound  level  meter  positioned  36*  from  the  humidifier's 
discharge. 

6.2.4  Test  Results  and  Analyses.  Neither  humidifier  is  an  appreciable  source 
of  noise.  Measured  sound  levels  at  36"  fall  well  below  the  dB(A)  criteria  of 
category  F  in  Table  2  of  MlL-STD-1474.  Category  F  requirements  are  imposec  ir, 
shelters  vrtiere  frequent  telephone  or  radio  use  or  frequent  direct 
codinunication  at  distances  up  to  5’  is  required.  Data  sheets  are  provided 
Appendix  A. 
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6.3  Tilted  Ooeration. 


6.3.1  aj»aaon  fcr  Trat.  Teat  was  pcrfornsed  to  determine  affect  of  a  5*^ 
tilted  orientation  cn^niioidiflers  and  to  determine  oaxiiaLBi  allowable  tilt  for 
satisfaci  ry  operation  if  lei>a  chan  3°. 

6.3.2  Description  of  Teat  Apparatus.  The  following  equipiaent  was  used  to 
conduct  th«  tiitea  operation  test: 

*  Level  indicator,  bubble  type,  adjustable 

Wood  wedge  used  to  ie^iart  tilt  to  humidifiers 

6.3.3  Test  Procedure,  liunidiflers  %ere  tilted  5®  on  each  of  the  unit’s  four 
sides  (i^ront  side  up.  back  aide  up,  right  side  up,  and  left  side  up).  Unira 
were  observed  for  detrimental  consequences.  The  worst  case  tilt  direction  :w.: 
each  unit  was  determined.  Units  then  were  operationally  tested  in  the  worst 
direction  to  determir^  what  degree  of  tilt  is  permissible  for  satisfactory 
operation. 

6.3.4  Test  Ite^lts  awl  Analyses.  The  tests  revealed  that  neither  of  the 
hunldifiers  wiTl  operate  properly  if  tilted  5®  in  the  wrong  direction.  The 
Ori  steem  huaidifier  allows  water  from  the  evaporator  chamber  to  drain  tarocun 
tho  skuoaer  port  when  the  unit  is  tilted  with  the  bade  side  up  or  the  left 
side  up  as  viewed  frea  the  unit  discharge  side.  When  tilted  in  either  of 
these  orientations  the  unit  will  continuously  fill  and  drain  simltaneously . 
The  huaidifirr  then  was  operated  in  the  worst  case  orientation  (left  side  upi 
to  determine  what  degree  of  tilt,  if  any,  is  acceptable.  Unit  was  found  to 
fill  properly  without  draining  though  the  limner  port  at  ^  tilt. 

The  Mitoflo  humidifier  also  had  problems  with  filling  and  draining 
simultaneously  v^ien  tilted.  The  Autoflo  unit  allows  water  from  the  reservo. r 
to  drain  through  to  overflow  port  with  the  back  side  up  or  the  right  side  up 
as  viewed  from  the  unit  intake  side.  The  humidifier  then  was  operated  ii.  t..e 
worst  case  orientation  (back  side  up)  to  determine  what  degree  of  tilt,  it 
any,  is  acceptable.  The  unit  tns  found  to  fill  properly  without  draining 
through  the  overfluw  port  at  tilt.  The  float  valve  stem  may  be  adjusted  to 
overcome  positional  problems  by  bending  seem. 

Neither  unit  experienced  a  problem  with  water  discharging  from  the 
respective  water  reservoirs  (other  than  through  drain  ports).  There  were  no 
exposed  heating  elements  to  cause  overheating.  Data  sheets  are  provided  in 
Appendix  A. 


6.1.1  General .  lue  variable  voltage  and  frequency  test  was  performed  at 
Kational  Teciinical  Systems  (NTS)  in  Hartwood,  Virginia. 


6.4.2  Reason  for  Test.  Humidifiers  were  operated  at  various  input  power 
conditions  to  insure  15  minute  continuous  operation  at  other  than  desig.n 
e. ect r 1 cal  character i s 1 1 cs . 


0 . 't .  j  aescriDtion  of  Test  /apparatus.  Tne  to^^owirig  '-^ouipitent  ana 
instrumentation  were  usea  to  conduct  tne  variaole  voltage  ar.u  fiegucfi^y  t.... 


Motor  driven  alternator,  Kato  Co.,  iSkW  (NTS  Equipment) 


Voltn-etcr,  Weston.  ID  no.  E  6024  D,  calibrated  S/u/hG,  ivca^.ai  - 
due  2/3/67  {NT3  Equipment) 


Ammeter,  Weston.  ID  no.  E  6242  D,  calibrated  3/3/66,  recalibia*. la.. 
due  2/18/87  (NTS  Equipment) 

Frequency  meter,  Weston.  ID  no.  E  6220  D,  calibrated  8/13/86, 
recalibration  due  2/18/87  (NTS  Equipment) 

Sling  psychrometer ,  Bachavach  code  12-7012 

Wrist  waten,  Seiko 


6.4.4  Test  Procedure.  Humidifierr  were  subjected  to  the  following  input 
pciwer  conditions: 


Voltage 

Frequency 

Voltage 

Frequency 

Test 

Condition 

Condition 

VAC  1  .5V 

Hz  i  2.1  r. 

1 

High 

High 

132 

60 

2 

Low 

Low 

108 

50 

3 

Low 

High 

108 

60 

4 

High 

Low 

132 

50 

Test  began  with  test  1  power  conditions  on  the  first  humidifier.  T..i. 
iiur.iuifier  was  powered  15  minutes  and  observed  for  continuous  operation,  r.. 
humidifier  then  was  allo%i^  to  soak  at  ambient  conditions  for  30  minutes. 
Following  soak  period  the  humidifier  was  operated  at  test  2  power  conditio;, -> 
for  15  minutes.  Each  IS  minute  test  was  followed  by  a  30  minutes  soak  unt.. 
all  four  tests  were  completed  on  both  humidifiers. 
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6.4.5  Teat.  Results  and  Analyses.  The  Dri  Steem  and  the  Autoflo  humidifiers 
both  operated  satisfactorily  during  all  variable  voltage  and  frequency 
testing.  The  blo«aer  thermal  switch  for  each  humidifier  was  junpered  to 
observe  continuous  operation  of  blowers.  After  initiation  of  testing  it  was 
discovered  that  a  significant  voltage  drop  existed  between  the  motor  driven 
alternator  and  the  humidifier  ii^t  connecrtions.  The  132V.  60Kz  condition  for 
both  units  had  to  be  rerun  due  to  an  approximate  11  volt  drop  through  the 
power  lines  for  the  Dri  Steem  unit  and  an  approximate  6  volt  drop  through  tho 
power  lines  for  the  Autoflo  unit.  Data  sheets  are  shown  in  Appendix  A. 
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6.S  Capaci ty 


6.5.1  General .  The  SOHz  capacity  test  was  perforioed  at  NTS  in  Kartwooc, 
Virginia  using  their  iSkV  motor  driven  alternator.  The  6CH2  capacity  tfj3t  w. 
performed  at  V^E  using  house  power. 

5.5.2  Reason  for  Test.  Capacity  test  was  required  to  insure  a  miniiiiun 
.TOiniciif ication  rate  of  5.4  pounds  per  .nour.  Capacity  test  Wus  also  iccu*.-.  . 
10  determine  tiie  steam  disciiarge  rate  of  humidifiers  at  Scith  5oi;s  a:;u  0-.... 
ooerat^uH. 

6.5.3  Description  of  Test  Apparatus.  The  following  equipment  and 
instru0«ntation  were  used  to  conduct  the  capacity  test; 

rtJtor  driven  alternator.  Kato  Co..  ISkW  (NTS  Eqiipiru-.Tit ) 

Voit-ixieter ,  Weston.  ID  no.  E  602*4  E.  caA^orateo  0/0/06.  ; irc.AA..o. . 
due  2/0/87  (NTS  Equipment) 

Aoneter.  Weston,  ID  no.  E  6242  D,  calibrated  8/8/36,  recai lorat .on 
due  2/18/87  (NTS  Equipment) 

Frequency  meter,  Weston,  ID  no.  £  6220  D,  calibratcv;  6/12/66, 
recalibration  due  2/18/87  (NTS  Equipment) 

Voltmeter,  Weston  Model  341,  0-300  volt  range,  S/N  1480 

Aiaaeter,  Weston  Model  904,  0-5  amp  range.  ID  No.  3313 

Frequency  counter.  Dynascan  Corp.  model  1351,  0-520  MHz  range,  1-*  .. 
4151 

Current  transformer.  Weston  Model  461,  S/N  1497 
Current  transformer,  Weston  Model  461,  S/N  1501 
Sling  psychrometer .  Bacharach  code  12-7012 
Water  reservoir,  10  gallon  plastic  tank 

Weight  scale,  Accu-Weigh  model  126TDX/L,  0-125  pouno  range  w;t..  : 

pouno  resolution 

Wrist  watcli,  Seiko 

6.5.4  Test  Procedure.  The  humidifier  was  placed  in  an  indoor  ambient 
environment.  The  humidifier  water  inlet  was  connected  to  water  reservoi: 
such  a  way  as  to  allow  gravity  feed  of  supply  water.  Humidifier  was  opcruii.:>- 
a  sufficient  time  prior  to  actual  test  to  insure  unit  was  up  to  normal 
operating  temperature.  Water  reservoir  was  weighed  at  test  initiatioti.  Th-* 
unit  then  was  allowed  to  operate  undisturbed  for  one  hour.  Imtiediace.y 

fui lowing  the  one  hour  period  the  water  reservoir  was  reweig.".ed.  Two  t*.stu 
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were  oerformed  on  each  humidifier,  one  at  120V.  slnqle  phase,  50Hz  and  the 
aecona  <t  120V,  siir'le  phase,  60Hz. 

6.5.5  Test  Results  artl  Anal'yaes  Neither  the  Drl  Steem  nor  the  Autoflo 
humidifiers  emitted  sradm  at:  Bvi  ulnimum  allcwsbie  late  of  5.4  pounds  per 
hour.  This  fact  would  necaf.'.iiUite  the  use  of  two  units  to  achieve  the  miniciur. 
required  steam  rate,  or  the  i-ise  of  a  unit  of  higher  capacity,  or  modifying 
tested  equipment  to  incre^-ine  capacity. 

The  cyclic  water  refill  function  on  the  Drl  Steem  unit  made  accurate 
capacity  testing  diff  r.ilt.  The  Dri  Strem  .humidifier  was  gravity  fiiieu  unti. 
the  "ready  water”  signal  wad  given,  at  which  time  the  inlet  water  solenoid 
valve  closed.  The  weirht  of  the  water  reservoir  was  recorded  at  this  time. 

The  unit  emitted  steam  urtil  the  low  water  sensor  activated  khich  de¬ 
energized  the  l»?:ating  "lements  and  opened  the  inlet  water  solenoid  valve  t>- 
refili  the  htttidifier.  The  weight  of  the  water  teuervoir  was  recorced  to:  i.-.u 
s«-..cnd  tiw.  The  differe.  'a  between  the  first  and  second  reservoir  weiunts. 
•air.us  the  water  chat  draii.^d  throne  ■>.  the  units  skimmer  port,  represented  t,'.e 
aoistara  stemmed  into  ti»e  air.  The  unit  is  wired  such  that  the  heating 
eiaaent  sh*ucs  down  during  ti  e  refill  mods.  Gravity  fed  make  up  water  required 
ai>croxl2«tely  7  adrutes  to  refill  the  unit.  Following  refill,  the  heating 
elcsionts  energized  requiring  apprcximaceiy  10  minutes  before  steam  again 
emanated  from  tlie  unit.  This  sequence  of  events  resulted  in  a  17  minute  ..ag 
time  with  no  steam  generation  on  each  refill  cycle.  Unit  refills 
approximately  once  an  hour. 

The  effi^ive  capacity  for  the  Dri  Steem  unit  at  120V-50HZ  was  4.4  pounds 
par  hour.  Hotiever,  the  unit  emitted  4.4  pouxis  into  cie  air  in  44  minutes. 
Assumir.g  ths  unit  car.  be  modified  to  allow  t^ie  neating  element  to  renain  on 
during  refill,  the  effective  capacity  should  increase  to  approximately  u.O 
pounds  per  hour  as  proporti«ied  below: 

4.4  pounds  is  to  44  minutes  as  X  pounds  is  to  60  minutes 

X  -  6.0 

The  effective  capacity  at  120V-6CHz  «'as  5.3  pounds  per  hour.  The  skimmer 
pert  was  plugged  during  this  test  to  alleviate  the  necessity  to  measure  drain 
water.  The  unit  emitted  5.3  pounds  per  hour  into  the  air  in  55  minutes. 
Assuming  the  heating  elesient  circuitry  is  modified,  the  effective  capacity 
should  increase  tr  approxiutely  5.8  pounds  per  hour  as  proportioned 

5.3  pounds  is  to  55  minutes  as  X  pounds  is  to  60  minuter 

X  -  5.8 

The  difference  between  the  eiqiected  capacities  at  50  and  60  Hz  is 
probably  due  to  the  8  Volt  drop  through  the  power  lines  during  the  60  Hz  test. 

The  Autoflo  humidifier  possesses  a  float  valve  which  allows  continuous 
refilling.  The  unit  capacity  was  below  5.4  pounds  per  hour.  Tne  50  Hz  test 
capacity  was  4.2  pounds  per  hour.  The  60  Hz  capacity  was  3.6  pounds  per  hour. 
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The  difference  between  the  two  tests  may  be  attributable  to  the  6  Volt  drop 
through  the  po%ier  lines  during  the  60  Hz  test.  No  voltage  drop  was 
experienced  at  the  unit  during  the  50  Hz  teat  at  NTS  since  the  power  supply 
was  adjustable. 

It  appears  that  the  alternatives  for  achieving  minimum  humidification 
capacity  from  the  Dri  Steem  humidifier  are  (1)  modify  the  unit  such  that  the 
heating  eieraent  remains  on  during  the  refill  cycle  or  (2)  use  of  the  Dri 
model  VM4  which  has  double  the  rated  capacity  (12  pounds  per  hour).  The 
alternative  for  the  Autoflo  unit  wxMild  be  use  of  the  Autoflo  X-15B  whi  cn  rioij 
rated  capacity  of  6.6  pounds  per  hour.  The  higner  capacity  units  both  requ^ie 
200  Volta.  Data  sheets  are  provided  in  A4ppendix  A. 
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6.6  Vibration 


6.6.1  General .  The  actual  vibration  test  was  performed  at  NTS  in  Hartvood, 
Vlr<}inia.  The  operation  check  out  follo%ring  vibration  was  perfonned  at  VS£. 

6.6.2  Reason  for  Test.  This  test  was  performed  to  detenmne  the  effect  of 
simulated  transportation  vibration  on  humiditication  equipment. 

6.6.3  Description  of  Teat  .^Apparatus.  The  foiiowinq  equipment  a.nd 
instrumentation  were  used  to  conduct  the  vibration  test. 

Vibration  Exciter,  MB  Electronics  model  C210.  ID  no.  D  630b  D  (NTi; 
Equipment) 

Vibration  Control  System,  Hewlett-Packard,  ID  no.  D  6054  D, 
calibrated  6/5/86,  recalibration  due  6/5/87  (NTS  Equipment) 

Accelerometer.  PCS,  ID  no.  D  6155  D.  calibrated  12/2/86, 
recalibration  due  6/2/87  (NTS  Equipment) 

Potwr  Supply,  PCB.  ID  no.  0  6093  0,  calibrated  11/11/86, 
recalibration  due  5/11/87  (NTS  Equipment) 

Fixtures,  aluminum  base  plate  with  metal  banding  to  secure 
humidifiers  to  base  plate.  (MTS  Equipment) 

Voltmeter,  Weston  model  341,  0-300  volt  range  S/N  1480. 

Amneter,  Weston  model  904,  0-5  amp  range  ID  no.  3313. 

Current  transformer,  Weston  model  461,  S/N  1497. 

Current  transformer,  Westai  Model  461,  S/N  1501. 

Frequency  counter,  Dynascan  Corp.  model  1851,  0-520  MHz  range,  ID  no. 
4151 

6.6.4  Test  Procedure.  Fixtured  hiaaidifiers  were  mounted  on  vibration 
machine.  Equipment  was  vibrated  in  accordance  with  MIL-STD-810,  Method  5^.-1.^. 
Table  514.3-1.  Category  1,  Test  Procedure  1,  Figures  514.3-1  through  3. 
Equipment  %«s  vibrated  in  three  planes  (longitudinal,  transverse,  vertical) 
for  a  duration  of  30  minutes  per  plane.  Humidifiers  were  mounted  in  their 
r^rmal  operating  position  throughout  vibration  test.  The  two  float  valves  i;. 
the  Autoflo  humidifier  were  packed  with  newspaper  to  prevent  contact  with 
heating  elements.  The  slide  mounted  evaporating  chamter  in  the  Dri  Steem 
humidifier  was  packed  with  newspaper  to  prevent  contact  with  housing. 

Vibration  inputs  were  monitored  by  averaging  responses  of  four  accelercmeters 
located  in  four  corners  of  base  plate  fixture.  Humidifiers  were  operated 
following  vibration.  Units  were  observed  for  any  evidence  of  damage. 

6.6.5  Test  Results  and  Analyses.  Both  humidifiers  endured  the  vibration  tec: 
without  mishap.  No  physical  damage  to  the  humidifiers  could  be  detected  ocher 


than  ainor  deformation  of  the  Autoflo  blower  housing  whla":  resulted  from 
tightening  the  metal  banding  si^sports.  The  functional  test  proved  that  the 
humidifiers  operated  satisfactorily  following  vibration.  Data  sheet  is 
provided  in  Appendix  A. 


t . 7  High  Temperarure  Storage 

6.7.1  Reason  for  Teat.  High  teirperature  storage  test  was  performed  to 
determine  the  effect  of  extreme  high  temperature  on  humidifiers. 

6.7.2  Description  of  Test  Apparatus.  The  following  equipment  and 
instniiaentation  were  used  to  conduct  the  high  temperature  storage  test; 

Environmental  chamber  manufactured  by  Thermotron.  Chamber  voiune 
38"  X  38"  X  38"  with  a  temperature  range  of  +265°F  tc  -100'^?. 

Thermocouple  inuicator.  Thermo  Electric,  18  channel. 

Thermoco',^)la,  copper-constantan. 

Voltmeter,  Weston  model  341,  0-300  volt  range,  S/N  1480. 

Ammeter,  Weston  modal  904,  0-5  amp  range,  ID  No.  3313. 

Current  transformer,  Weston  model  461,  S/N  1497. 

Current  traiisf ormer ,  Weston  model  461,  S/N  1501. 

Frequency  counter,  Dynascan  Corp.  model  1851,  0-520  MHz  range,  LD  .lu. 
4151 

Wrist  Mtch,  Seiko. 

6.7.3  Test  Procedure.  The  humidifiers  were  placed  in  test  chamber  and  the 
chamber  then  stabilized  at  160  +  5®?.  Chamber  temperature  was  verified  with  a 
thermoccuple.  Humidifiers  were“soaked  at  160  +  5®F  for  a  minimum  continuous 
period  of  4  hours.  After  exposure  period,  test  samples  were  removed  from 
cnamber  and  examined  for  deterioration  and  damage.  Following  examination,- 
test  samples  were  soaked  at  room  conditions  for  1  hour.  The  units  wert 
operated  15  minutes  following  1  hour  soak  to  verify  function. 

6.7.4  Test  Results  and  Analyses.  Both  humidifiers  endured  the  high 
temperature  storage  test  without  mishap.  No  physical  damage  or  deterioration 
could  be  detected.  The  humidifiers  functioned  properly  during  the  operational 
check  out.  Data  sheet  is  provided  in  Appendix  A. 
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6.8.1  Reason  for  Teat.  Low  temperature  storage  test  was  performed  to 
determine  chei  effect  of  extreme  low  temperature  on  humidifiers. 


6.8.2  Description  of  Test  Apparatus.  The  following  equipment  and 
instrumentation  were  used  to  conduct  the  low  temperature  storage  test: 

Environmental  chamber  manufactured  by  Thermotron.  Ciiamcer  voluiie 
30"  X  38"  X  33"  with  a  temperature  range  of  -i-ZbS'^F  to  -iOO'^r. 

Thermocouple  indicator,  Thermo  Electric,  18  channel. 

Thermocouple,  copper -cons tan tan. 

Voltmeter,  Weston  model  341,  0-300  volt  range,  S/N  1480. 

Ammeter,  Weston  model  904,  0-5  amp  range,  ID  No.  3313. 

Current  transformer,  Weston  model  461,  S/N  1497. 

Current  transformer,  Weston  model  461,  S/N  1501. 

Frequency  counter,  Dyn^lscan  Corp.  model  1851,  0-520  MHz  range,  IJ  no. 
4151 

-  Wrist  watch,  Seiko. 

6.8.3  Test  Procedure.  The  humidifiers  were  placed  in  test  chamber  and  the 
chamber  then  stabilized  at  -60  +  5°F.  Temperature  was  verified  with  a 
thermocouple.  Humidifiers  we’'e~soaked  at  -60  +  5^F  for  a  minimum  continuous 
peiiod  of  12  hours.  After  exposure  period,  test  samples  were  removed  from 
chamber  and  examined  for  deterioration  and  damage.  Following  exarainaf.on, 
test  samples  were  soaked  at  room  conditions  for  1  hcur.  The  units  were 
operated  15  minutes  following  1  hour  soak  to  verify  function. 

6.8.4  Test  Results  and  Analyses.  Both  hunidifiers  endured  the  low 
tenperature  storage  test  without  mishap.  Ho  physical  damage  or  deterioration 
could  be  detected.  The  humidifiers  functioned  properly  during  the  operationval 
check  out.  Data  sheet  is  provided  in  Appendix  A. 


6.9  Elcctronvicnetic  Tnterference  (£MI) 

General .  The  EMI  test  was  performed  by  the  Honeywell  Signal  Analysis 
Center  in  Anr.apoli3,  Maryland. 

6.9.2  Reason  for  Test.  EM  testing  was  performed  on  humidifiers  to  evaluate 
the  equijxcanc^s  electrocaagnetic  steady  state  and  transient  emissions  in 
accordance  with  MIL-STD-461.  Conducted  and  radiated  emissions  were  comparer 
With  limits  imposed  by  methods  CE03  and  R£02  of  MIL-STD~4G1,  Part  4. 

6.9.3  Description  of  Test  Apparatus.  The  equipnient  and  instrumentat-on  usr:.. 
by  Honeywell  to  conduct  the  EM  test  are  listed  in  Appendix  C. 

6.9.4  Test  Procedure.  The  humidifiers  were  connected  to  i20V/l  phdse/60hc 
power  for  all  testing.  The  humidifier  blower  motor  thermal  switches  were 
jumpered  to  e'lsure  blower  operation  during  all  testing. 

The  humidifiers  were  tested  in  accordance  with  test  procedures  specif leu 
in  MIL-STD-462.  The  humidifiers  were  tested  for  steady  state  and  transient 
emissions  and  compared  irith  limits  imposed  by  methods  CE03  for  conducted 
emissions  and  RE02  for  radiated  emissions  of  MIL-STD-461,  Part  4. 

The  conducted  emissions  were  measured  through  the  frequency  range  of  ..5 
KHz  to  50  MHz  for  broadbaiKi  interference  on  power  input  leads.  The  raaiuteu 
emissions  were  measured  through  the  frequency  range  of  14  KHz  to  1  GHz  for 
broadband  emissions.  Antenna  equipment  was  oriented  at  one  meter  distance 
from  test  unit.  The  Honeywell  H46C  humidity  control  was  wired  to  each 
humidifier  in  order  to  cycle  the  units  on  and  off. 

6.9.5  Test  Results  and  Analyses.  It  should  be  noted  that  the  EMI  emissions 
for  the  Honeywell  H46C  humidity  control  were  included  with  the  emissions  of 
the  humidifiers  during  transient  testing.  The  steady  state  emissions  for  tne 
Dri  Steem  and  Autofio  humidifiers  were  well  below  the  limits  imposed  by  CEOs 
and  RE02.  The  units  generate  low  level  noise  and  emit  no  strong  signals. 

Both  humidifiers  exceeded  the  CE,03  and  RE02  limits  for  transients.  However, 
Military  Standard  air  conditioners  and  related  equipment  are  allowed 
transients  which  exceed  the  CE03  and  RE02  limits  if  the  transients  are  less 
than  1  second  in  duration.  The  observed  transients  for  the  humidifiers  were 
considerably  less  than  1  second  in  duration.  Dll  testing  perfomved  by  the 
Belvoir  RDtE  Center  on  the  heat  pump  used  in  the  Aircraft  Service  Shelter 
demonstrated  that  this  unit  also  exceeds  the  RE02  limits  for  transients.  VGE 
believes  the  transient  emissions  for  the  humidifiers  will  not  pose  a  probiem 
in  the  service  shelter  and  chat  equipment  modifications  are  unnecessary.  Daca 
sheets  are  provided  in  ’-ppendix  C. 


18 


,A'  H 

’  • 

}/lsjT7 

-d^.-'l.'K«'£L'  tVi  J~Akojr«A.\ 

SJJND  i-£?.i£-  TEi" 

/I.  d^ds^ 

3- CK.oraund  sound  level.  oBlA)  - 

.  .  _  .  .-:  j,T.  L'il  ■  •■i.'' 

i.1  stance  fro^n  unit 

•  ■;,'  5-  u  :ni'in .  A •.;,  ,■■. ;  „  _  o r 

- 36" 

■•  1 1 

; 

-1  ■ 

1  di'.i jir 'jc  .' 

SI. *2 

■7?.“7 

Slue 

S4.S- 

■Rignt  Blue 

SS."7 

7y.7 

'■ear 

..■  c  s  !■  ■■'  e  fn.  n-.;  u  a  n  1  a  r 

.  'r  ILt:* ^r'-  *"  ^^2 

63 

CS.'Zo 

'  3i3 

^o,i 

cdO 

S(.A 

55.? 

iCXX) 

5A7 

2C00 

4^  A 

c6XX‘ 

4ZZ 

»oa.  !> 


■floor 


C4  /■< 


i^a'.ofio  nijn!?.ait  ler 

Distance  from  unit 

1  '• 

^'Measurement  Position 

Fron',  luiac'-^rce-* 

SLCo 

aj.i 

u.t?f  L  S-^jS 

Si.o 

S(^.0 

Rignt  Sice 

s/>< 

5C:>^ 

.;s;u' 

5/./ 

Zcia^c  rand  Center 

r  j.c.‘  -'1  - 1  '• , 

r’  ecuencies  ~  ■-’2 

at  ai^-.crnce 

S3, S' 

liS 

SS.'Z 

■  /'“S.  ,< 

SS.C 

::*.Aj 

41.^ 

-lO.O 

4S.Z 

riOiC' 

29.  f 

'■UxO 

3Z.2 

(dCOO 

/4t^roi^O-JL  u>A.s 
^Lo  '{loor 


//(2f2n 

-CM'-'cL-  /jt^kAy' 


,  t  tL^f'  Ijf^tiil'v A  i  ^wiN  j  J.W  I 


ai':-'-: 


I'r  .Vr'.  w 


7^/^  y  -  /to 

fro^i  *  "'•  e(kct 

tj»€k  V  "  rir*,.V»4  ^rT 

l^^'h  ■f-‘f+‘  ^  /--tT 

TtH^^  irosi-  ‘tp  citO-^i^ 

C'tkia  ‘tY  ^o*';i»'/*<^ 


Do'-ermina.'.ion  of  I'iaxitr.Liin  Aiiowc'-bie  ViiL  a*'  ba. .isf actorv  -cor.-,.*;  •■ 


U'ft  "Z.^ig  ^ , 


&  3*  tV/Z-  -•o'^ 

c/uc  ^ 

0i  g*  -  d^a.V  Zl’//i  jDrcp^l^. 


h.jiii 


of  ill.  UDS^'-va'.ii'risi 


5,«  OJ^  <^l  “''‘I 

'  «c?/Ot-<r  iV.*to  /Vo  <ia^'-'^ 

^;aAf  ■Hli'.-I  UfJ-  >*1*^  '■-  *^*'^'*^  I<A  o«.Ur 

»»  .  i-Os^  /■*^’-(  "^tOr  \ 

*«-i/J«»<*»  0<0« 

tili^ei  Si^eli  "t'-*  •>  <■’• 

,-HAuauU^  f 


i'C^  I 


I-!»  Kllo~or'  mI  5 

'  .  .  /  -  r/”.. 


tv*l 


J’ffx  wo 


sui-  «ri 


fiVrU. 


Mirwa'iion  o*-'  fTa;<n:.L!ni  Mliowariie  'i\^\  for  liaCiir'ac-.O!  y  .-:.-i.-rc-. .  .:i:' 


I 


'f’l-r- 


uj^^t  U  wie:  c 

Jrmi^yo\j^  y&S  H^u  oj^/ZcKo 

/4ic/  u#»,V  /To  **'0<'C 


Or€- 


t^lomit  t/^lu4.  /•*/ty  it4  adjiA-ti^d  j^y  LiA>nci*Ac^ 


VARIABLE  VOLTAGE  AND  FREQUENCY  TEST 


>. 

u 

C 

01  M 

IL 


■^1 

Vi 

<3 


0 

v^ 


0 


Q 

Vi 


> 

vS 


0  0 

U  l\ 


M 

0 

o' 

"X 

\ 

fj 

c 

c 

N, 

;  c 

kc 

O 

«-« 

o 

i  o 

•  M 

cf) 

3 


r« 

•  r4 

i. 

c 

o 

.  c 

o 

•H 

'J 

f j  . 

w> 

w 

.  ] 

HI 

it 

<n 

0* 

01 

01 

I*- 

5- 

»- 

f- 

K  . 

'9 

rg 

'B 

k. 

•v- 

k. 

o 

0 

o 

? 

if 

> 

01 

n 

Ol’-', 

1» 

ai 

n 

'A 

A 

Oi 

1i 

01 

'"V 

■r 

re 

rr 

^'L 

k. 

k.  ' 

01 

O' 

r»i 

A  '*1 

>•-> 

*> 

« 1 

■v 

1 

J-^. 

.r 

V 

o 

o 

°x 

c 

•-> 

cn 

C»»  \  O'!' 

•>4 

r« 

'^4 

111 

01 

•Us 

3 

3 

3 

5 

I 

C  ui 
Oi  Cl 


CT» 

1^  4-> 

p 

?  ^ 


tn 

m 

k. 

3  -- 
^  IL 
iQ  O 
k.  W 

01  Q 

01 

I- 


s 


ll 


s 


0  Q 


^ 

lA 


0 

0^ 


Ci 


O 

C4 


0 

^ 


CO 


0 

0^ 

N 


v5  VA  nS 

ij\  tn 


I 


'4  O 

■N  tVi 
I 


c 


i 

V) 


.X 


c  u. 

01  o 

!>• 

p4  >->■ 

9 

v9 

vA 

vO 

5 

c* 

w 

r- 

M 

r 

fc: 

jS 

Cl 

VI 

0 

\A 

v. 

V) 

VI 

< 

Weight  of  Wat*:  Resenrior  9  Test  Conclusion 


4 


VI 

.1- 

•• 

t 

V 


o>  m 

n 


iS 


A  •  Q 

?  - 

c. 

^ '? 


a 

3 


■>5 


3 


^  ^  3 


^  V 

:? 

V* 

%i  SS 
>- 

<5k 

■% 

!> 

"5:  J 


0 

vS 

0 

vi 

0 

v& 

(R 

0 

V/' 

0* 

I^T 

o> 

N 

c4 

ci 

N 

r- 

"v 

t 

'Si* 

N. 

::k.  ^ 

>5 


V 


c 

o 


C 

o 

•p4 

Ul 

3 

mM 

t; 

C 

o 

u 


m  <B 

u.  w 

o  o 

s  t 

9t  01 

in 

Of  Ol 

cr  cr 


ii 


i. 

o» 


L. 

ft 


¥* 

^  -£. 

oi  o» 

1  3 


m 

ft 

li- 

TT* 

>T“ 

i« 

H 

v> 

VA 

VA 

u^ 

V^ 

iit 

■Ni  ■«* 

<5- 

ss 

<S- 

<>- 

•sS 

R 

c> 

'‘.S> 

i« 

•  I 

1^ 

1  ^ 

«{ 

S 

r^ 

$ 

ft: 

•e>4 

HI 

K 

fs 

■v 

N' 

'v 

'Weight  of  Water  Resemor  S  Test  Initiation 


DhTA  Ejetc-T 


'hlri  , 

’.bi:''  fcVi  y*7. 


Mii-n  1  sj 


■j-’tRA  I'L'^d  j 


H*  .If*’ 


/O'TjO 

ff:20 

/2:2o 

/t2 

i'l'.ZO 

/4:zo 

/5:;/5 


6>S 


ills  of  PhVSKJk 

t;;::."  -nail  on! 

liri  bleaiTi  linit, 

//a 

rV.ilotiO  uni  1 

j^O 

.ius  of  R  tainu 

Ce  doe*^'.. vion: 

.’iffte 

V’O  i 

r.'O.  *.  j  ) 

Current  i-r 

U  irio  .,  )  X  S  ' 

V 

//5 

^f.'Zd 

Go 

/^jso 

y/5 

^.2S 

60 

/iutofto 

/$;55 

m 

2.fo 

60 

/4.7(? 

m 

•z^lo 

6o 

m 


1 

I 


iJn'i  A  tsHst.  i' 

liWt! 

.=3"  FcI^f'Zrti''£E' 

i_GU  TLi'^  -  EHA  i\.ArL  S'l  CftHlki  ‘.'c.d'' 

fTir-  y'^r  )  ^tTiOieni  ••■ ■t:'  ■  ' 

-  27 

/i,£S>a.LLr- 

/7:co 

»/n 

7:fS 

-  Cf^ 

ts 

TO 

i 

a 


•'.esu.^3  PnysiOii.  £;>-r>fr.ira'Cion: 


aCeeiTi  Orii, 

A7o 

/O  ) 

^-MtOT*..:  unit 

/Of 

»J  V 

u-.'T.  of  lb  minute 

1  ■’’iS 

ooeration: 

vol.ane 
'.  ■•/Oiti,' 

uurran^ 

X  S’ 

’^euuor.cv 

J>; 

//4 

4.ZO 

l4. 

,/4 

4.’3o 

6>0 

/4:4% 

//¥ 

4>30 

/4:So 

fM 

^,30 

Go 

/lutfi'fCo 

fz.\to 

il 

^0 

/C;/«5 

//7 

7.f5 

(s^ 

/Z  '  io 

//7 

2.95 

c^o 

/rjvs 

/n 

2.90 

ao 

I 

9 


APPENDIX  B 


NA.TIONAL  TECHNICAL  SYSTEMS 
TEST  DATA  SHEETS 
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APPENDIX  C 

HONEYWELL  SIGNAL  ANALYSIS  CENTER 
TEST  DATA  SHEETS 
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Data  Sheet  A-3.  Auto  Flo  Humidifier  Test  Results,  RE02,  BB,  Transient 
Measiires.ents. 
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1.0  BEASOH  FOR  TESTINQ  >  GENERAL 

ThA  reason  for  testing  described  herein  was  to  ascertain  performance  data 
with  whldi  to  evaluate  the  technical  and  operational  feasibility  of  modified 
environmental  control  equipment  for  use  In  the  Air  Force  Aircraft  Service 
Shelter.  'Ihe  Aircraft  Service  Shelter  is  an  integral  part  of  the  F-16 
mintsnance  complex.  Ihe  approved  test  plan  upon  which  the  ensuing  test  is 
based,  is  provided  In  A{^)endlx  B. 

2.0  APPLICABLE  DOCUMENTS 

Statement  of  Work  and  Services  dated  14  July  1986,  Task  Order  0024, 
Contract  No.  DAAK70-8d-^H}023. 

3.0  DESCBIPnON  OF  TEST  SAMPLE 

The  item  tested  is  a  rjomlnal  36,000  BTUH  single  package  heat  pump  model 
no.  MHP36K20d/60/3 ,  serial  no.  t9i34-119  manufactured  by  ARE  (bnufacturlng  Co., 
Inc.  The  ARE  unit  has  208-230V/3phase/60  Hz  electrical  characteristics  and  a 
maximum  Input  power  of  16,030  watts.  The  onlt  has  a  reversible  refrigeration 
cycle  with  an  approximate  cooling  capacity  of  33,000  BTUH  and  an  approximate 
heating  capacity  of  35,000  BTUH.  Unit  is  equipp^  with  two  banks  of 
supplementary  heaters  which  provides  for  41,000  BTUH  of  electrical  resistance 
heating.  Unit  volume  is  72-1/2*  high  x  39-1/4*  wide  x  15*  deep  and  unit 
weight  is  450  pounds. 

The  ARE  heat  pump  is  equipped  %rlth  an  Accustat  omdel  LHP-AH22  thermostat 
manufactured  by  PSQ  Ii^dustries.  The  thermostat  settings  are  fixed  by  three 
mercury  filled  sensing  bulbs  and  are  ivon-adjustable.  The  sensing  bulbs 
provldo  for  single  stage  cooling  and  two  stage  heating.  Set  points  are  such 
tiiat  coolii^g  is  called  for  from  76^F  and  above.  First  stage  heating  is  called 
for  from  TT^F  and  below.  Second  stage  heating  is  called  for  from  68°F  and 
below.  The  thermostat  has  a  maximum  allowable  current  rating  of  2.5  amps. 

4.0  DISPOSITION  OF  TEST  SAMPLES 

The  ARE  heat  puop,  the  PSG  Industries  Accustat  thermostat  and  relays 
required  for  system  modification  will  be  kept  at  VSE  Corporation  until  task 
completion,  at  which  time  they  will  be  transported  to  the  Environmental 
Equipment  Division  at  Fort  Belvoir. 

5.0  ABSTRACT,  CONCLUSIONS  AND  REOCYtlENDATICNS 

The  dehumldlflcation  operation  test  was  performed  successfully.  The 
modified  heat  puzp  will  operate  in  the  cooling  mode  with  both  supplementary 
heaters  operating  simultaneously,  as  intended,  idien  the  as^ient  temperatxire  is 
between  72^F  and  76^.  Circuit  modifications  will  not  adversely  affect  normal 
heat  puop  heating  and  cooling  modes  of  operation.  Adequate  space  exists 
within  the  heat  pump  junction  box  to  locate  the  two  additional  relays.  The 


additloiMil  nlays  in  tlM  control  circuit  did  not  overload  the  2.5  anp  maxlmm 
t±«tn}stat.  Hm  Accustat  rewirix^  ondification  is  alnply  done.  The  only  area 
of  concern  brought  out  by  the  test  is  the  heat  pusp  current  drair  vben  the  unit 
is  operatingr  in  cooling  vith  both  banka  of  suppleaentary  heaters  operating 
slsultaneously.  Currents  as  high  as  40  aops  were  recorded  on  the  L3  power 
leg.  This  represses  an  approxiaate  29t  increase  over  the  gaxlinm  current 
draw  of  the  uisaodified  heat  puxp. 

It  is  recoQiaended  that  the  heat  puitp,  oodlfied  as  shown  in  Figure  1,  be 
used  to  provide  for  d^naaidification  requirenents  of  the  Aircraft  Service 
Shelter.  Application  of  the  modified  heat  putep  should,  however,  take  into 
consideratixm  the  Increased  current  necessary. 

6.0  FACTUAL  DATA  -  TESTING 

6.1  DefauBldification  Operatic 


6.1.1  Reason  for  Test.  The  dehuaiidificati(»x  operation  test  was  performed  to 
ensure  that  modifications  made  to  the  heat  pump  control  circuitry  would  allow 
operaticax  as  a  dehumidifier  without  unint^ided  or  detrimental  equipnent 
consequences. 


6.1.2  Description  of  Test  Ac 
instrunentatiin  were  used  to 


ratus.  The  following  equipment  and 
aduct  the  d^oaiidification  operation  test: 


o  Tbemocouple  indicator,  18  channel,  Thermo  Electric  model  3162i  UOOO, 
S/H  A339748-a433.  calibrated  08/26/86. 

o  Ten  Thermocouples,  copper-constantan 

o  ABoeter,  clamp-on  induction  type,  Amprobe  Co.,  0-6  amp,  0-15  aaq;>,  0-40 
sap,  0-100  amp  ranges. 

o  Vtist  watch,  Seiko 

6.1.3  Test  Procedure 


The  heat  pump  is  equipped  with  three  selector  switches  to  control  unit 
operation.  The  selector  switches  are  listed  below: 


Switch 


Positions 


EMERGENCE  HEAT/OFF/ON 
COCL/AUTO/HEAT 
AUTO/ON 


A  Separate  W/OFF  switch  has  been  added  to  the  heat  pimp  control 
circuitry  wbidi  simulates  a  humidistat  for  test  purposes.  This  switch  is 


later  referred  to  as  the  Dehumidiflcatlon  Sisulation  Svltch  (DSS).  The 
tenperature  set  points  provided  with  the  heat  punp  thermostat  are  as  follows: 

o  Cooling  called  for  6  769F  and  above 

o  First  stage  heating  called  for  i  72°F  and  below 

o  Second  stage  heating  called  for  €  68^  and  belcv 

Thermostat  contacts  can  be  selectively  shorted  to  simulate  ambient 
temperature  conditions. 

Procedure 

The  unit  functic^  during  each  operational  mode  tested  was  verified  with  a 
current  meter  and  vnlt  discharge  tocperatures. 

The  heat  pusp  was  Initially  operated  %rith  an  unmodified  control  circuitry 
so  baseline  data  could  be  recorded.  Current  draw  and  evaporator  Inlet  and 
discharge  tesperatures  were  recorded  for  the  cooling,  lew  heat  and  high  heat 
modes  of  operation.  The  heat  pump  was  then  modified  as  shown  in  Figure  1. 

The  heat  pump  was  placed  in  an  ambient  environment.  Thermostat  contacts  were 
jumpered  as  necessary  to  simulate  different  ambient  temperature  ranges  as 
described  below: 

Cooling,  Operation  Above  76®F 

Thermostat  contacts  VI,  V2  and  Yl  %fere  jumpered  to  simulate  operation 
above  76<^F.  The  DSS  was  trimed  to  "ON"  position,  fan  switch  was  in  "AUTO” 
position  and  mode  selector  switch  was  in  "COOL”  position.  Heat  punp  was 
initiated  by  turning  the  unit  selector  switch  to  "ON"  position.  A  three  (3) 
minute  stabilizaticHi  period  was  observed.  It  was  verified  that  the  unit  was 
operating  in  the  cool  mode  and  that  the  supplementary  heaters  were  not 
energized.  The  DSS  switch  was  turned  to  the  "OFF"  position  to  verify  no 
impact  on  heat  purp  operation.  The  mode  selector  switch  was  then  moved  to  the 
"AUTO*  posltlcm.  Again  it  was  verified  that  the  unit  was  operating  in  the 
cooling  mode  and  that  the  supplementary  heaters  were  not  energized.  DSS 
switch  in  either  the  "ON"  or  "OFF"  positicans  had  no  effect  on  heat  pump 
operation. 

Thermostat  Dead  Zone,  Operation  Between  VZ^F  and  76°F 

Jumper  wire  on  thermostat  Yl  ccntacts  was  removed  to  simulate  an  ambient 
temperature  between  72°F  and  76°F.  The  DSS  was  moved  to  the  "ON”  position. 

The  mode  selector  switch,  remained  in  the  "AUTO"  position.  A  ten  (10)  minute 
stabilization  period  was  observed.  It  was  verified  that  the  heat  pump  was 
operating  in  the  cooling  mode  with  both  suppleiaentary  heater  banks  operating 
simultaneoxisly.  The  DSS  was  then  moved  to  the  "OFF"  position  and  stabilized 
for  three  (3)  minutes.  It  was  verified  that  the  compressor  and  supplementary 
heaters  were  de-energized. 


First  Stage  Heating,  deration  Between  68^  and  72®F 

Junper  vire  on  thenoostat  VI  contacts  %iiaa  removed  to  simulate  ambient 
teaqperatures  between  68<>F  and  72°F.  The  mode  selector  switch  remained  in  the 
"AiTTO*  positl<»i.  A  ten  (10)  minute  stabilization  period  was  observed.  It  was 
verified  that  the  heat  pump  was  operating  in  the  heating  mode  with 
supplementary  heaters  de-energized.  Mode  selector  switch  was  then  moved  to 
the  "HEAT”  position  to  verify  no  change  in  unit  operation.  Positioning  the 
ttSS  to  "car  or  "OFF"  had  no  effect  on  unit  operation. 

Second  Stage  Heating,  Operation  Below  es^F 

Jumper  wire  on  thermostat  V2  contacts  was  removed  to  simulate  ambient 
temperatures  belcw  68^F.  A  ten  (10)  minute  stabilization  period  was  observed 
with  the  mode  selector  switch  in  the  ”AUTO”  position.  It  was  verified  that 
the  heat  pump  was  operating  in  the  heating  mode  with  one  bank  of  suj^lementary 
heaters  energized.  The  oode  selector  switch  wa*^  moved  to  the  ‘'H2AT”  position 
to  verify  no  impact  on  unit  operaticai.  Positioning  the  DSS  to  "ON*  or  "OFF" 
had  no  Impact  on  unit  operation. 

Following  the  above  testing  the  unit  was  again  operated  in  the  cooling, 
dead  zone,  first  stage  heating  and  second  stage  heawing  3odes.  In  each  case 
the  unit  switch  was  moved  fraa  the  "ON"  to  the  "OFF"  po3it*on  to  ensure  that 
modified  heat  pump  did  Indeed  de-energize.  During  each  test  mode  the  current 
throi^  the  heat  pump  thermostat  %es  measured  to  ensure  that  additional  relays 
did  not  exceed  allowable  thermostat  current. 

6.1.4  Test  Results  and  Analyses.  The  heat  pump  did  not  function  as  intended 
with  the  original  specified  system  modifications  incorporated.  The  unit 
functioned  properly  %diile  operating  in  all  modes  of  operation,  however,  %fhen 
the  'mit  selector  switch  was  moved  to  the  "OFF"  position  in  the  cooling  and 
heating  modes,  sever>il  relays  chattered  on  and  off  contiraiously.  It  u-as 
discovered  that  if  the  heat  pump  was  turned  off  while  the  KS  was  in  "ON" 
position,  an  Improper  short  circuit  was  established.  This  problem  was  easily 
corrected  by  wiring  one  leg  of  the  DSS  switch  to  the  unit  on/off  switch  as 
opposed  to  terminal  board  position  8  as  originally  specified.  This 
modification  involves  solderizig  in  additional  wire  to  the  Accustat 
(thermostat)  printed  circuit  board  at  the  unit  selector  switch  and  routing  the 
wire  to  a  normally  closed  contact  of  relay  DHH2. 

When  the  aiNoient  tenperature  is  in  the  thenoostat  dead  zone  (72®F-76®F) 
ar,d  dehumldiflcation  is  required,  the  heat  puep  compressor  and  both  banks  of 
supplementary  heaters  are  operating  siiaultanecusly.  This  scenario  represents 
the  maximan  current  draw  condition.  During  the  test,  the  unit  operated 
with  the  coopressor,  supplementary  heaters  and  blower  motors  functioning,  the 
heat  pump  ran  approximately  three  (3)  minutes  before  a  30  amp  ho^Ise  power 
circuit  breaker  tripped.  The  measured  currents  were  -  37  amps,  L2  -  29 
amps,  and  L3  -  40  anps.  These  currents  were  measured  with  an  ur.calibratsd 
aameter.  It  is  believed  the  additional  currents  will  have  no  impact  on  the 
heat  pump  electrical  system.  The  added  current  is  cxily  carried  through  a 
single  terminal  board  in  the  unit. 
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Itie  current  through  the  thenaostat  did  not  excee<i  the  2.5  airp  maxiioum 
allcRiable.  Data  sheets  are  provided  in  Ai^^endlx  A. 
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APPENDIX  B 

TEST  PLAN  FOR  HUMIDIFICATION.  DEHUMIDIFICATION  AND 
HUHZDITV  CONTROL  EQUUMENT 
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